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TASK  39-06:  OETEfyilNATION  OF  THE  BIOEQUIVALENCE  Or  HI- 6  AND 
ATROPINE  WHEN  DELIVERED  8Y  UET/DRY  AUTOINJECTOR  OR  SYRINGE 
IN  SHEEP:  A  PHARMACOKINETIC  AND  EFFICACY  EVALUATION 

l.Q  INTRODUCTION 

The  oxim*  l-2-hydroxylBlnoaethy1-l-pyr1d1no-3-(4-carbamoyl-l- 
pyr1dino}-2-oxapropane  dichicride  (HI-6)  given  In  conjunction  with  atropine 
appears  to  be  the  nost  effective  available  treatacnt  of  pinacolyl 
•ethyl phosphonofTuorldate  (soeun;  GO)  Intoxication.  The  efficacy  of  HI-6  In 
countering  the  effects  of  GO  has  been  repeatedly  demonstrated  In  a  variety  of 
aniaals.  Including  rodents,  rabbits,  dogs,  and  ■onkeys.*’’*'^'*'  A  Bajor 
obstacle  to  the  developaent  of  HI-6  for  allltary  use  Is  Its  aarked  Instability 
In  solution.  Current  U.S.  Amy  autoinjector  systeas  for  treating  nerve  agent 
Intoxication  package  all  components  In  solution.  An  effort  Is  underway  to 
develop  a  delivery  device,  a  wet/dry  autoinjector,  which  will  allow  packaging 
of  HI-6  In  Its  stable,  crystalline  font.  In  such  a  system,  the  HI-S  would  be 
rapidly  dissolved  In  an  atropine  solution  so  that  within  a  matter  of  seconds 
the  mixture  of  atropine  and  HI-6  could  be  Injected.  Since  adequate  shelf  life 
(more  than  3  years)  can  be  expected  for  HI-6  while  In  a  dry  fom,  the 
development  of  a  wet/dry  autoinjector  appears  to  be  critical  to  the  successful 
fielding  of  this  oxime  as  a  nerve  agent  antidote. 

No  la  viv'j  studies  have  been  accomplished  to  validate  the  wet/dry 
autoinjector  as  an  effective  method  of  Introducing  an  emergency  antidote  for 
nerve  agent  Intoxication.  Substantial  differences  may  exist  between  the 
experimental  administration  of  previously  prepared  solutions  of  atropine  and 
HI-6  given  by  syringe  and  the  proposed  administration  of  the  compounds  using  a 
wet/dry  autoinjector.  Potential  problems  with  a  wet/dry  autoinjector  delivery 
system  Include: 

« 

Any  delay  In  administration  of  nerve  agent  antidote  because  of  time 
required  to  fom  an  HI-6  solution  may  result  In  therapeutic  failure. 
TIm  to  treatment  becomes  critical  once  signs  of  nerve  agent 
Intoxication  are  manifested. 


The  dispersion  pattern  of  ♦•'e  admixed  solution  In  tissue  may  alter 
the  absorption  of  the  antidote  compounds.  The  design  of  the 
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autoinjector  Is  such  that  the  tissue  dispersion  pattern  of  Injected 
•aterlal  cannot  be  slaulated  In  the  laboratory  with  the  use  of 
syringes. 

A  relatively  s«al1  deliverable  dose  of  HI-6,  due  to  the  smII  volume 
capacity  of  the  autoinjector,  aay  not  be  adequate.  Although  the 
data  base  for  HI-6  suggests  efficacy  In  treating  GO  Intoxication, 
virtually  all  studies  have  been  done  In  saall  aniult  (less  than 
10  kg}  at  r-elatlvely  large  doses  (20-200  aq/kg).  As  packaged  In 
available  autuinjectors,  the  dose  of  HI-6  to  a  standard  70  kg  man 
ranges  from  S.7  to  7.1  ag/kg  per  Injection.  It  Is  not  certain  that 
HI-6  can  provide  Inproved  survivability  or  reduced  norbldity 
relative  to  the  oirrently  fielded  nerve  agent  antidote  reglaen  If 
Its  use  Is  constrained  by  forwlatlon  and/or  doctrinal 
considerations. 

This  task  was  loltlatod  at  Sattclle's  Medical  Research  and 
Cvalustlsn  Facility  (MRIF)  to; 

1.  Ccaepart  the  efficacy  ef  atropine  and  HI~6  d&livcred 
Intraauscularly  (IM)  by  wet/dry  autoinjector  with  thoir  efficacy 
whee  delivered  IM  by  conventional  syringe  In  the  treatMnt  of  GO 
Intoxication  In  sheep. 

2.  Coeipare  the  efficacy  of  atropIne/HI-d  dollvered  by  wet/dry 
autolnjector  to  the  efficacy  of  atroplne/pralldoxlete  chloride 
(2-PAN)  delivered  by  the  Nerk  I  (PfCI)  autolnjector  system  In 
preventing  the  effects  of  GO  Intoxication  In  sheep. 

3.  Oetenelne  and  coepare  pharmacokinetic  paraneters  In  sheep  for 
atropine  and  HI-6  when  Injected  IN  by  syringe  and  when  delivered 
by  wwt/dry  autolnjector. 

4.  Oetenine  the  'aging*  rate  of  60  In  sheep  erythrocytes. 
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l.O  gPERIHENTAL  DESIGN 
ZA  Teit  Anlfnils 

Sh*«p  w«r«  utad  for  this  study  bactuss  of  their  known  response  to 
organophosphonate  (OP)  chceiical  surety  autariei  (CSH),  because  of  similarities 
with  MA  in  body  weight,  and  because  sheep  have  been  used  in  sisilar 
phanescokinetic  studies  with  IN  adainistered  drugs. Approximately 
l>year-eld  wethers  of  Raobouil let-CoiuMbia  breeding  were  obtained  from  Thomas 
0.  Norris,  Inc.,  Reisterstown,  NO.  All  sheep  had  serology  perforaed  prior  to 
shipMAt  to  the  NR£F  and  were  negative  for  antibody  titers  for  the  Q  fever 
causative  organise,  CoiieTla  burnetii.  Upon  arrival  at  the  HREF,  sheep  were 
exaainod  by  a  veterinarian  and  blood  and  fecal  saoples  were  obtained  for 
clinical  pathological  and  gastrointestinal  parasite  evaluations.  Sheep  were 
held  In  quarantine  for  a  alniaiaa  of  7  days  prior  to  use  In  a  study.  All 
anlauls  were  tagged  in  the  ear  to  retain  posit  ve  Identification  and  were 
etalntalned  In  an  outdoor  fenced  area  with  available  shelter  until  brought  into 
the  laboratory  for  experinentatlon.  Sheep  were  fed  Furini  Rueilab*  with 
Halted  quantities  of  locally  purchased  hay.  VuUr  wat  suoplied  frm 
lattalla's  Hast  Jefftrson  w&tar  systta  ^  Hhitia.  The  water  is  analyzed 
quarterly  for  potability  and  annually  for  contaainants.  No  contaainants  which 
would  Intorrore  with  tho  results  of  the  study  are  known  to  be  present  in  the 
weter  or  feed. 

Sheep  were  shorn,  brought  into  tho  laboratory,  and  aaintained  on 
straw  bedding  in  aniaal  rooas  kept  at  (S  t  IS  F  with  a  relative  huaidity  of 
SO  1  20  percont.  Fluorescent  lighting  with  a  light/dark  cycle  of  12  hr  each 
per  day  was  used.  Sheep  were  accliaated  to  a  sling  suspended  from  a  stand  for 
a  ainiauB  of  20  ain  per  day  for  2  days  prior  to  exporiaontation,  and  they 
routinely  adapted  rapidly  to  this  aethod  of  restraint.  Each  aniaal  was 
weighed  using  a  Nordic  Forgo  seal#  (HASCO,  Fort  Atkinson,  WI)  and  animals  were 
hoaogenized  by  weight  into  groups  for  efficacy  testing  of  treatments  for  GD 
intoxication.  Shetp  weighed  between  60  and  100  kg  at  the  tine  of  testing  and 
appeared  to  be  in  good  physical  condition. 


Atroplok  and  2-PAK  contained  In  HKI  antidote  Injection  systems  and 
atropine  and  KI-6  contained  In  wet/dry  antidotu  Injection  systeas  as  well  as 
additional  HI-6  In  a  solid  stats  aare  provided  by  the  U.S.  Army  Medical 
Research  Institute  of  Chealcal  Defense  (USAHRICO).  Sufficient  numbers  of 
antidote  Injection  systeas  fros  the  saow  lot  were  provided  so  that  efficacy 
and  pharaacrkinetic  studies  could  be  perfcnecd.  Atropine  sulfate  nonohydrate 
(Aldrich,  Lot  Ho.  EV01f02!K).  98.6  percent  pure)  was  purchased  and  a  solution 
prepared  In  the  saaw  foreulatlon  as  the  atropine  solution  used  In  the  wet/dry 
autoinjectors  (proprietary  Infonutlon).  This  atropine  solution  was  used  as 
diluent  for  the  HI-6  In  pteparlng  adnixed  atrop1ne/HI-6  solutions  for  dosing 
of  sheep  by  syringe  on  each  day  of  efficacy  testing.  A  staple  of  the 
atroplne/HI-6  solution  prepared  on  each  day  of  dosing  was  analyzed  to  confira 
desired  concentrations.  Coeaerclally  available  atropine  sulfate  Injectable 
solution  (Atropine  L.A.,  Butler,  Coluabus,  OH)  was  purchased  locally  for  use 
as  supplMMntal  atropine  In  efficacy  studies. 

The  systnas  consists  of  tvfo  separate  Injoctors,  one  for  atropine 
(At)*opcn)  and  one  for  Retsoving  either  tubular  plastic  *pen*  froa  the 

coaaon  holder  eras  a  spring-loaded  aechanisa  which  forces  a  hypoderalc  needle 
froa  the  pen  when  Its  head  Is  pressed  against  the  skin.  The  saae  spring 
aechanisa  advances  a  plunger  which  causes  Injection  of  the  contents  of  the 
pen.  The  wet/dry  autoinjector  systea  (ASTRA  Autoinjektor)  delivers  atropine 
and  HI-6  In  a  single  Injection.  The  top  portion  of  tie  Injector  Is  rotated  to 
break  a  seal  and  the  Injector  Is  shaken  for  ten  sec  to  alx  the  atropine 
solution  and  powdored  HI-6.  A  safety  ring  is  reaoved,  the  Injector  held 
against  the  skin,  and  the  red  top  Is  pressed  to  Initiate  Injection  of  the 
contents.  Soth  autoinjector  systeas  art  kept  In  place  against  the  skin  for 
10  sec  after  activation  to  ensure  coaplete  Injection. 

GO  was  supplied  by  USAHRICO.  Purity  of  GO  stored  at  Battelle  is 
periodically  confirmed  by  Battelle  chealsts.  For  dosing  of  sheep,  a  nominal 
1.7  ag  of  GO  per  al  of  physiologic  saline  solution  was  prepared  for  this 
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study,  and  aliquots  were  stored  In  amber  iO-mL  serum  vials  at  approximately 
-70  C.  After  each  dosing  day,  samples  of  dosing  aliquots  were  analyzed  by  gas 
chromatography.  < 

2.2.2  GD  LD„  Estimation 

A  48-hr  GO  10,,  was  estimated  for  this  population  of  sheep.  Sheep 
were  given  IH  injections  of  GO  In  the  caudolateral  area  of  the  right  thigh  In 
the  region  of  the  semitendinosus  muscle.  Ooses  were  selected  by  the  study 
statistician  using  an  up-and-down  design  In  which  only  one  or  two  sheep  were 
dosed  a  day.  Twenty-three  gauge,  one-inch  needles  were  used  for  all  IN 
Injections.  To  obtain  maxlomm  accuracy  in  delivered  doses,  syringes  used  for 
dosing  GO  were  Hamilton  (Reno,  NV)  microliter  syringes  of  the  smallest 
compatible  volume.  Syringes  were  filled  to  no  more  than  9S  percent  of  labeled 
volume.  Individual,  labeled  syringes  were  loaded  with  the  calculated  voluioes 
of  GO  prior  to  the  start  of  dosing,  weighed,  and  placed  on  Ice  until  used. 

After  dosing  was  completed,  syringes  were  weighed  again  to  determine  weight 
losses.  Weight  losses  were  used  to  calculate  the  volumes  actually  delivered. 

At  the  time  of  Injection  of  these  exempt  concentrations  of  GO,  sheep  were 
restrained  In  a  sling  and  positioned  at  the  face  of  a  hood  approved  for  the 
use  of  highly  hazardous  chemicals.  Experimentation  perfonsed  under  Task  88-38 
of  a  prior  contract  had  established  the  48-hr  60  LOj,  In  sheep  at  6.6  pg/kg 
body  weight.  Using  a  common  slope  model  (I.e.,  using  the  slope  determined  for 
the  GO  dose-lethal  response  curve  determined  In  Task  88-38),  an  L0,g  was 
estimated  by  a  probit  model.  After  each  day  of  testing,  e  statistical 
hypothesis  test  was  conducted  to  determine  If  the  LO^  estimated  for  the 
current  population  of  sheep  was  similar  to  the  6.6  pg/kg  estimated  In 
Task  88-38.  The  study  was  designed  to  use  no  more  than  10  sheep  In  estimating 
an  L0„.  If,  after  five  or  more  sheep  ware  dosed,  the  estimated  L0,g  was 
within  the  95  percent  confidence  limits  (5. 1-7.1  pg/kg)  of  the  LD,g  estimated 
in  Task  83-38,  the  LO^g  estimated  In  Task  88-38  would  be  accepted  as  the  L0;o 
for  sheep  In  this  study  and  no  further  sheep  would  be  Injected  for  the  purpose 
of  establishing  an  LOjg  In  untreated  animals. 
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The  second  phase  of  this  study  was  designed  to  compare  the  GO 
Intoxication  treatment  efficacies  of  three  treatment  regimens: 

1)  atrop1ne/HI-6  given  by  three  wet/dry  autolnjoctors,  2}  equivalent  doses  of 
admixed  atropine  and  HI-6  given  via  three  hypoderalc  syringes,  and 
3)  atmp1ne/2-PAH  given  by  three  HKI  autoinjcctor  systems.  To  ensure  that 
efficacy  of  reactivator  therapy  was  not  adversely  affected  by  an  Insufficient 
dosage  of  anticholinergic,  supplefMntal  atropine  was  administered  Ik  to 
provide  a  total  atropine  sulfate  equivalent  dose  of  approximately  0.5  mg/kg, 
as  recoanended  for  treatjaent  of  OP  Intoxication  In  sheep. GO  was  given 
IH  In  the  caudoUteral  muscles  of  the  right  thigh  and  one  min  later  all 
treatments  were  given  IH  sleultancously  In  the  anterior  lateral  area  of  the 
left  thigh  In  the  region  of  the  vastus  lateralis  head  of  the  quadriceps 
femorls  muscle  with  a  one  Inch  or  mere  separation  of  Injection  sites. 
Autolnjectors  were  weighed  prior  to  use,  and  again,  after  Injections  were 
made,  to  confirm  delivery  of  autoinjector  contMts. 

Experiments  were  conducted  In  e  stagewlse  fashion,  using  only  a  few 
sheep  In  each  troatment  group  per  day.  to  determine  the  10^  each  group. 
The  10^  and  slopes  nf  the  doss»r«sswoso  curve*  were  compered  after  ear.h 
stage  to  detanslne  any  significant  d1ffer«»»»  1*  efficacies  of  therapy.  The 
maximum  number  of  sheep  to  bo  esed  1i  each  of  the  atrop1ne/HI-6  via  syringe 
and  atrop1ne/2-PM1  (NKI)  treatment  groups  we*  sot  et  25,  and  the  naxlnun 
number  of  shtep  In  the  atrop1ne/HI-4  via  wet/dry  autolnjector  group  was  set  at 
31.  If  significant  differences  (P  i  0.05)  In  treatment  efficacies  were 
determined  with  fewer  sheep,  e^rlientatlon  would  coaso  at  that  time.  If, 
after  a  minimum  of  10  sheep  In  each  of  the  three  groups  had  been  challenged 
and  treated,  there  was  not  a  statistical  dlfrerenco  In  LO,,  values  between 
atroplne/2-PPi1  and  atrop1«e/HI-«  treated  sheep,  the  USAHRICO  Task  Area  Manager 
ar^l  Contracting  Officer's  Representative  were  to  bt  consulted  and  a  course  of 
further  action  planned. 

Sheep  were  returned  to  an  animal  holding  room  following  GO  and 
treatment  Injections,  removed  from  slings,  and  observed  for  48  hr  for  signs  of 
GO  Intoxication,  Including  muscle  fasciculatlons,  tremors,  convulsions, 
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excessive  salivation/bronchial  secretions,  and  prostralion.  Sheep  were 
closely  and  continuously  observed  for  the  first  t*w3  hr  following  GD  injection 
and  then  at  decreasing  frequency  for  the  remainder  of  the  48  hr  period.  Any 
signs  observed  and  their  tines  of  onset  were  recorded  when  feasible.  The 
incidence  and  recovery  fron  sublethal  responses  such  as  convulsions  or 
prostration  were  statistically  analyzed,  as  feasible,  to  detemine  any 
differences  in  incidence  or  severity  of  effects  in  sheep  receiving  different 
therapies.  Aniaals  dying  on  study  were  subaitted  for  necropsies  and  all  gross 
lesions  were  recorded.  Mo  tissue  saatple  collection  was  perfonaed.  After 
necropsy,  resains  were  incinerated.  Sheep  still  alive  at  the  end  of  the  48-hr 
observation  period  were  euthanatized  and  creauted. 

2.2.4  Phamacokinetic  Studies 

In  phanucokinetic  studies,  sheep  were  given  equivalent  doses  of 
atropine/HI-6  either  with  three  wet/dry  autoinjectors  or  with  three 
conventional  syringes.  Sheep  were  given  IH  injections  in  the  anterior  lateral 
area  of  the  right  thigh  in  the  area  of  the  vastus  lateralis  head  of  the 
quadriceps  feeuris  auscle.  Solutions  delivered  by  hypodeniic  syringes  were 
prepared  in  the  same  fonaulation  as  that  used  in  autoinjectors  (autoinjector 
data  provided  by  USAHRICO).  After  a  ainiaua  one-week  washout  period,  the  same 
sheep  were  injected  again  using  the  injection  technique  not  used  originally. 
The  study  was  designed  so  that  an  equal  nuadier  of  sheep  would  be  given 
atropine/HI-S  by  each  of  the  injection  techniques  on  each  day  of  testing  with 
a  total  of  eight  sheep  treated  with  both  techniques. 

Ten-aL  blood  saaq>les  were  taken  from  a  Jugular  vein  through  an 
indwelling  catheter  (French  8  Catheter  Sheath  Introducer  System,  Cordis  Corp., 
Miami,  FL)  or  with  a  disposable  lO-al  syringe  and  18  gauge,  1.5  inch  needle 
(Becton  Dickinson,  Rutherford,  MJ)  if  the  catheter  was  not  patent.  The  17-cm 
rigid  plastic  vessel  dilator,  rather  than  the  sheath  assembly  itself,  was  used 
as  the  catheter  because  the  flexible  plastic  sheath  assembly  would  collapse 
and  become  crimped  whenever  an  animal  turned  his  head  to  the  side.  The  vessel 
dilator  was  loosely  fixed  in  place  with  a  stay  suture  placed  in  the  skin,  and 
a  three-way  stopcock  was  attached  to  the  catheter. 


liJ 


8 


Blood  samples  were  taken  a  few  minutes  prior  to  Injection  of 
atrop1ne/HI-6  and  at  approximately  1,  2,  3,  4,  5,  6,  8,  12,  16,  20,  40,  60, 

80,  120,  180,  240,  300,  and  360  min  after  Injection.  Seven-tenths  ml  of 
heparinized  physiologic  saline  (30  unIts/mL)  was  used  as  a  block  In  the  three- 
way  stopcock  and  Indwelling  catheter  to  prevent  clotting  of  blood  during  the 
longer  Intervals  between  blood  collections.  The  heparin  block  was  removed  by 
withdrawing  a  l-mL  volume  before  drawing  the  10-al  blood  sanrl*  for  analysis. 
Five  mL  of  the  10-el  blood  saople  drawn  using  a  10-eL  disposable  syringe  was 
immediately  placed  in  a  prelabelcd  heparinized  glass  vacutainer*  (Becton 
Dickinson).  The  other  5  el  was  placed  in  a  prelabeled  13-aL  polypropylene 
tube  with  cap.  This  tube  was  placed  on  its  side  and  the  blood  allowed  to  clot 
at  room  temperature  for  at  least  one  hr.  Sheep  were  removed  from  slings  after 
the  120-min  blood  samples  were  drawn  and  allowed  access  to  feed  and  water. 
Catheters  were  left  in  place  until  after  the  six-hr  blood  samples  were  drawn. 

The  heparinized  blood  samples  were  transferred  to  labeled 
polypropylene  tubes  and  centrifuged  at  approximately  ISDO  X  6  for  15  min. 

Then,  the  plasma  was  removed  with  pipettes,  put  into  labeled  polypropylene 
tubes,  and  frozen  at  approximately  -70  C  until  assayed  for  HI-8.  Analyses  for 
HI-6  concentration  were  conducted  at  the  HREF  using  a  high  performance  liquid 
chromattigraphy  (HPtC)  technique  (HREF  SOP  89-32).  After  the  blood  samples  in 
the  non-heparinized  tubes  had  clotted,  the  blocd  clots  ware  gently  separated 
from  the  sides  of  the  tubes  with  applicator  sticks.  Tne  tubes  were  then 
centrifuged  at  approximately  SCO  X  S  for  15  min  and  the  serum  was  pipetted 
into  labeled  polypropylene  tubes  and  frozen  at  approximately  -70  C.  Serum 
samples  were  hand-carried  to  the  laboratory  of  Dr.  Larry  Hiller  at  Battelle's 
Columbus  site  for  determination  of  atropine  concentrations,  using 
radioimmunoassay  (RIA)  techniques  (SOP  Humber;  TOX  ¥1-014-00). 

The  study  jsed  a  cross-over  design  balanced  for  sequence  of 
injection,  day  of  testing  effects,  and  residual  effects.  Once  blood 
concentrations  of  atropine  and  HI-6  were  determined,  concentrations  as  a 
function  of  tine,  naximun  concentrations,  times  to  naxinum  concentrations, 
areas  under  the  blood  concentration-time  curves  from  0  to  6  hr,  absorption  and 
elimination  rate  constants,  and  apparent  volumes  of  distribution  were 
estimated  using  the  pharmacokinetic  model  which  best  represented  the  data. 
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?n-,nnacokinet1c  parameters  for  atropine  and  HI-6  adainl stored  by  both 
Injection  techniques  were  compared  to  deteroine  any  significant  (P  <  0.05) 
differences. 

Thirty- two  separate  pharmacokinetic  analyses  were  performed  -  serum 
atropine  following  use  of  both  injection  techniques  In  eight  sheep,  and  plasma 
HI-6  for  both  injection  techniques  in  eight  sheep.  Although  blood  sampling 
times  were  established,  it  was  not  always  possible  to  draw  samples  exactly  at 
desired  tines,  usually  because  of  problens  obtaining  blood  flow  in  the 
catheters.  Times  at  which  blood  saa^sles  were  actually  obtained  were  recorded 
for  each  aniul  at  each  sampling  time,  and  pharmacokinetic  parameters  were 
estimated  using  the  actual  times  of  blood  collection.  Atropine  concentrations 
less  than  1  ng/aL,  the  limit  of  reliable  quantification,  were  considered  as 
zero  for  the  pharmacokinetic  analyses.  The  quantitative  limit  for  HI-6  was 
2.5  tiq/mL,  and  values  below  this  concentration  were  also  considered  as  zero 
for  pharmacokinetic  analyses. 

The  objective  of  the  statistical  analysis  of  the  pharmacokinetic 
data  was  to  determine  If  any  significant  differences  existed  among  the  HI-6 
and  atropine  pharmacokinetic  parameters  estimated  for  the  two  different 
Injection  techniques.  Empirical  data  for  C^,  t^,  and  AUCo.j*a, 
actual  highest  blood  concentration  measured,  the  actual  sampling  time  of  this 
highest  concentration,  and  the  area  under  the  measured  blood  concent;‘at1ons 
over  time  curve  to  360  min  derived  by  the  trapezoidal  method,  and  the  same 
pharmacokinetic  parameters  predicted  by  models  were  statistically  evaluated. 

The  correlations  between  empirical  and  model  estimates  were  determined  to 
assess  the  'goodness  of  fit”  of  the  models. 

Pharmacokinetic  parameters  were  analyzed  to  determine  If  there  were 
any  effects  due  to  Injection  technique  or  week  of  testing,  and  to  assess  the 
variability  In  the  pharmacokinetic  parameters  among  the  animals.  Experiments 
In  which  the  same  animal  Is  tested  on  multiple  occasions  using  different 
treatment  regimens  on  different  testing  days  art  called  cross-over  designs. 

By  using  a  cross-over  design,  co:dparisons  between  the  pharmacokinetic 
parameters  of  different  Injection  techniques  can  be  made  on  an  Individual 
animal  basis.  Controlling  for  the  anlmal-to-anlmal  variability  by  using  each 
animal  as  its  own  control  provides  more  precise  comparisons  between  Injection 
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techniques.  Special  considerations  nay  arise  because  the  effects  of  a 
treatment  administered  one  test  period  may  carry  over  to  the  next  test  period 
(residual  effect).  Therefore,  an  animal's  blood  levels  may  be  affected 
directly  by  the  most  recent  treatment  and  also  by  a  residual  effect  from  the 
previous  treatment.  A  relatively  long  washout  and  recovery  period  between 
dosing  was  used  to  prevent  residual  effects. 

An  analysis  of  variance  appropriate  for  cross-over  designs  was 
conducted  for  each  empirical  and  model-based  estimated  pharmacokinetic 
parameter  to  assess  the  statistical  significance  of  the  effects  of  interest. 
The  effects  included  in  the  analysis  of  variance  are  given  in  the  following 
equation  for  a  generic  pharsacokinetic  narameter  Y: 

Y  -  /i  +  B  +  y  +  T  +  e 


where  M  "  average  value  of  the  pharmacokinetic  parameter ^ 

S  -  effect  of  animal, 
f  •  effect  of  week  of  testing, 

r  -  direct  effect  of  the  autcinjector  used  that  week,  and 
<  ■  uncontrolled  variation  within  an  animal. 


Sheep  were  observed  at  20  min  after  injection  of  the  atropine/HI-6 
for  signs  of  atropinizatlon,  including  pupillary  size  changes  and  response  to 
light  and  changes  from  preinjection  heart  rate.  Muscle  coordination  in 
ambulation  was  evaluated  at  120  min  after  injection  of  atropine/HI-6  when 
sheep  were  removed  from  slings. 


This  portion  of  the  task  was  designed  to  determine  the  rate  of  aging 
[i.e.,  the  rate  of  dealkylation  of  acetylcholinesterase  (AChE)-bound  GO  and 
formation  of  irreversible  GO-AChE  binding]  of  GO  bound  to  AChE  from  sheep  red 
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blood  cells  (sRBC)  using  a  method  developed  in  Task  38-36  of  a  previous 
contract.  The  assay  is  based  upon  the  percent  of  AChE  dephosphonylated 
(reactivated)  by  HI-6  added  at  different  times  of  GO-AChE  incubation,  with 
aging  rate  defined  as  the  slope  of  the  log  percent  reactivation  versus  time 
plot.  This  nethrd  is  based  upon  the  work  of  Harris,  et  a1.(“)  and  aut>.(rated 
using  a  Cobas  FARA  (Roche  Diagnostic  Systems.  Nutley,  NJ)  centrifugal 
autoanalyzer. 

Blood  samples  from  ten  different  sheep  were  collected  and  the  aging 
rates  of  GO-inhibited  AChE  were  determined  to  measure  animal-to-animal 
variability.  Approximately  1C  mL  of  blood  was  collected  from  each  sheep  in  a 
vacutainer  containing  heparin  as  an  anticoagulant.  The  AChE  present  on  the 
aerntranes  of  the  sRBC  was  mado  soluble  with  Triton  X-IOC  in  accordance  with 
HREF  SOP  38-46  (Appendix  B).  The  AChE  activity  present  in  the  different 
samples  was  adjusted  to  approximately  the  same  baseline  level,  and  the 
inhibition  of  AChE  activity  for  various  concentrations  of  60  was  determined. 
From  the  inhibition  data,  a  GO  concentration  was  selected  for  use  in  aging 
studies.  The  HI-6  concentration  used  was  fixed  at  800  #M,  as  this 
concentration  is  known  to  be  effective  in  reactivating  fetal  bovine  serum 
AChE.t“J 

Procedures  were  performed  in  three  steps: 

1.  AChE  Preparation:  Blood  samples  from  sheep  were  collected  in 
heparinized  vacutainers  and  then  centrifuged  at  8,800  X  6  for 
ten  min.  The  sRBC  were  osmotically  lysed  by  resuspending  the 
red  cell  pellet  in  distilled  deionized  water  to  form  membrane 
ghosts  which  were  isolated  b**  centrifugation  on  the  day  of  blood 
collection  (HREF  SOP-88-46).  Samples  of  AChE  were  prepared  by 
dissolving  the  sRBC  membrane  ghosts  in  a  1  percent  Triton  X-100 
in  physiologic  saline  solution.-  The  AChE  samples  were  then 
ali quoted  into  1.7-mL  polypropylene  tubes  and  stored  at  -10  C 
until  used.  The  use  of  AChE  from  membrane  ghosts  eliminates  the 
high  background  absorbance  readings  found  if  heme  is  present, 
allows  concentration  of  sample  AChE  activity,  and  increases  the 
sensitivity  of  the  measurements. 
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2.  GO-Induced  Inhibition  of  AChE  Activity:  An  aliquot  of  AChE  from 
RBCs  of  each  sheep  was  thawed,  assayed  for  AChE  activity,  and 
the  AChE  activity  diluted  to  approxinutely  20  nUnits  per  ml  with 
the  1  percent  Triton  X-100  In  physiologic  saline  solution.  GO, 
at  various  concentrations,  was  Incubated  with  the  AChE  samples 
for  five  alnutes  prior  to  determining  AChE  activity  using  tha 
centrifugal  analyzer.  Incubation  and  AChE  activity 
determinations  were  performed  at  23  C.  Slope  and  y«1ntetxept 
values  were  calculated,  using  regression  analyses  of  log  GO 
concentration  (x-axIs)  versus  AChE  Inhibition  values  between 

IS  percent  and  85  percent.  The  GO  concentration  required  to 
produce  a  given  amount  of  AChE  Inhibition  was  estimated  from  the 
regression  line  equation  and  Individual  slops  and  y>1ntsrcept 
values  for  the  experimental  conditions  used.  The  value, 
that  GO  concentration  required  to  produce  SO  percent  inhibition 
of  AChE  under  the  experimental  conditions,  was  calculated  for 
each  animal. 

3.  Aging  of  60*Inh1b1ted  AChE:  GO  was  incubated  with  AChE  samples 
for  various  lengths  of  time  to  allow  different  degrees  of  aging. 
After  Incubation,  KM  was  addsd  to  a  final  concentration  of 
300  pM,  and  the  a^iount  of  HI-S-I educed  AChE  reactivation  was 
determined.  The  aging  rate  of  GO-Inhlhited  AChE  Is  described  es 
a  first-order  process  and  graphical  presentation  of  log  percent 
reactivation  versus  length  of  Incubation  yields  a  linear 
plot.*'^’  Aging  rate,  as  defined  by  the  slope  of  the  seml- 
logarlthmlc  plot,  was  determined  at  23  C  and  at  37  C. 

3.0  RESULTS 
3.  L  Chemistry 

USAKRICO  reported  that  wet/dry  autoinjectors  (ASTRA)  delivered 
1.86  mg  atropine  and  460  ng  HI-6  In  a  total  volume  of  3.15  ml.  The  HKI  system 
is  designed  to  deliver  2  ag  atropine  sulfate  equivalents  using  the  Atropen 
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{Lot  No.  RU7213,  Hanuf.  date  i/35)  and  600  mg  2  PAM  by  the  2-PAH  autoinjector 
(Let  No.  RU3243,  Hanuf.  datu  S/35). 

Chemical  analyses  of  GD  dosing  solutions  (HREF  SOP  88-31)  from  LDjg 
and  efficacy  studies  confinred  concentrations  within  ±  6  percent  of  1.7  mg/mL 
on  all  days  except  two  -  one  analysis  at  83  percent  of  target  and  one  analysis 
at  82  percent.  The  stability  of  GO  solutions  is  dependent  upon  temperature 
and  handling,  and  the  solution  demonstrating  only  82  percent  of  target 
concentration  was  not  analyzed  until  6  days  after  dosing. 

Altitough  some  incorrect  assumptions  were  made,  as  discussed  in  3.3 
Treatment  Efficacy  Evaluation,  chemical  analyses  of  daily  dosing  solutions 
demonstrated  an  atropine  dcse  within  i  8  percent  of  the  target  dose  (HREF  SOP 
39-55)  and  an  HI-6  dose  within  i  5  percent  of  the  target  dose  (HREF  SOP 
89-64).  For  pharmacokinetic  studies,  chemical  analyses  of  dosing  solutions 
confirmed  HI-6  doses  within  5  percent  of  target  and  atropine  doses  within 
7  percent  of  target,  except  for  the  first  day  of  pharmacokinetic  studies  when 
the  atrupine  concentration  was  analyzed  at  84  percent  of  target.  | 

3.2  GO  LOjfl  Estimation 

A  modifitd  up-dowT;i  type  experiment,  challenging  one  or  two  sheep  per 
day,  was  conducted  to  estioato  the  48-hr  60  LOj,  in  the  present  population  of  I 

untreated  sheep.  Based  on  historic  information  on  the  slope  of  the  GO  dose- 
lethal  response  curve  and  analyses  of  data  as  they  were  obtained,  the  best 
doses  for  challenging  succeeding  animals  were  selected  to  estimate  the  48-hr 
GO  LOjq  most  efficiently.  A  total  of  five  sheep  were  injected  with  GO,  on 
three  different  dosing  days,  and  given  no  therapy.  The  doses  delivered  and 
results  are  presented  in  Table  1.  Oose-response  models  were  fitted  to  the  I 

data  from  the  five  sheep  of  Task  89-06  and  the  80  animals  used  in  Task  38-38,  | 

anJ  48-hr  GO  LO,^  were  estimated  for  each  group  of  untreated  sheep.  The  two 
LO^s  were  not  statistically  different  (at  the  0.05  significance  level)  and  I 

the  data  from  the  two  groups  of  untreated  sheep  were  pooled  to  form  one  group. 

The  48-hr  GO  LO,^  in  this  pool  of  untreated  sheep  w«s  calculated  to  be  , 

6.6  ;ig/kg.  ’ 
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TABLE  1.  RESULTS  OF  TASK  89-06  GO  LD^  STUDY  IN  SHEEP 


Animal  Number 

Weigh*,  (kg) 

60  Dose  (MO/kg) 

Time  of  Death 

23 

69.3 

5.6 

- 

43 

73.0 

5.7 

- 

SI 

74.1 

6.3 

11  Bin 

6 

60.9 

7.3 

72  Bin 

40 

64.5 

7.7 

75  Bin 

15 


3.3  Treatment  Efficacy  Eviluatlon 

On  the  first  dj^  of  treatment  efficacy  testing,  an  atrcpl-^e  stock 
solution  was  used  as  diluent  In  preparing  an  atrop1ne/HI-6  admixed  solution. 
HI-6  was  weighed  and  dissolved  In  the  atropine  stock  solution  In  a  manner  to 
deliver  1.S6  mg  atropine  free  base  and  460  mg  HI-6  In  3. IS  ml  of  solution. 
Seventeen  <;heep  were  given  various  GO  doses,  selected  by  the  study 
statistician  In  collaboration  with  the  study  director.  At  one  min  after  GO 
Injection,  five  of  these  sheep  were  treated  with  three  HKI  autolnjectors  each, 
seven  were  treated  with  three  wet/dry  autoinjectors  each,  and  each  of  the 
remaining  five  sheep  was  treated  with  three  3.15-mL  injections  via  syringe  of 
the  atrop1ne/HI-6  solution  prepared  that  morning.  It  was  assumed  that  each 
KXI  Atropen  Injected  2  mg  of  atropine  sulfate  equivalents,  and  each  wet/r/y 
auloinjector  and  each  prepared  atrop1ne/HI-6  solution  Injection  gave  a  of 
2.2  mg  of  atropine  sulfate  equivalents.  Based  on  this  assumption,  additional 
atropine  sulfate  In  a  IS  mg/mL  commercial  solution  was  Injected  separately  to 
provide  a  total  atropine  sulfate  treatment  dose  of  O.S  mg/kg. 

Following  the  first  day  of  effICKy  testing,  a  report  on  tho 
operational  evaluation  of  the  wet/dry  autoinjector  was  received  from 
USA>lilICO.^'’*  From  this  report  It  was  determined  that  the  average  volume 
delivered  with  the  wet/dry  autuinjector  was  3.05  iL  and  tho  average  atropine 
dose  of  1.86  mg  was  In  atropine  sulfate  equivalents  rather  than  atropine  free 
base  as  had  been  assumed.  Therefore  a  new  formulation  of  the  atropine  stock 
solution  had  to  be  prepared  and  the  amount  of  HI-6  to  be  added  changed  to 
provide  dosing  day  solutions  containing  1.86  mg  atropine  sulfate  equivalents 
and  460  mg  of  HI-6  In  a  3.05  ml  volume.  This  did  not  change  the  total  dose  of 
HI~6  delivered,  although  It  did  decrease  the  total  volume  delivered  by  0.3  ml, 
and  did  Increase  slightly  the  supplemental  dose  of  atropine  sulfate  needed. 

The  Increase  in  the  supplemental  dose  of  atropine  was  calculated,  using  the 
corrected  values  for  atropine  content,  for  the  seven  sheep  dosed  with  the 
w-’t/iry  autolnjector  on  the  first  day  of  efficacy  testing  to  be  1  ng  or 
0.07  ml  of  the  15  mg/nl  supplemental  atropine  solution.  The  body  weight  range 
for  these  seven  sheep  was  66.8-77.7  kg,  and  the  supplemental  dose  of  atropine 
was  designed  to  deliver  a  total  atropine  sulfate  dose  of  0.5  ng/kg.  Thus,  1  mg 
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error  in  the  dose  injected  in  the  lightest  sheep  decreased  the  total  dose  of 
atropine  sulfate  delivered  by  3  percent,  and  results  of  this  error  are 
probably  inconsequential. 

Procedures  siailar  to  those  used  on  the  first  day  of  efficacy 
testing  vtere  pcrforaed  on  the  second  day  with  only  the  atropirie/HI-6  via 
syringe  dose  foraulation  being  changed.  After  two  days  of  efficacy  testing,  a 
total  of  14  sheep  had  been  treated  with  wet/dry  autoit.^ectors,  ten  with 
autoinjectors,  and  ten  with  atropine/Hl>6  via  syringe.  Although  the  estiaated 
L0|,s  of  treated  sheep  were  approxieately  twice  the  L0,f  of  untreated  sheep, 
there  were  no  statistical  differences  (P  <  0.05)  between  the  43-hr  GO  LO^s 
estiaated  for  the  treataent  groups.  As  stated  in  the  protocol,  because  there 
was  not  a  significant  difference  in  10,^  values,  the  USAHftlCO  Task  Area 
Manager  and  the  Contracting  Officer's  Representative  were  contacted  and 
inforsMd  of  these  findings.  As  a  result,  it  was  decided  to  use  an  additional 
treataent  group:  atropine  idainistered  via  three  HKI  Atropens  plus  lil*6  (a 
total  of  1,380  ag  delivered  via  three  syringes  at  a  voluae  of  3. OS  aL  per 
syringe)  followed  by  the  suppleaental  dose  of  atropine.  On  the  third  day  of 
efficacy  testing,  five  sheep  were  challenged  with  GO  and  treated  with 
atropine/2-PAll  froa  three  MKI  autoinjectors,  five  were  ehcllenged  end  treated 
with  the  HI-8/Atropcn  coebination,  and  five  sheep  were  challenged  and  treated 
with  three  syringes,  each  containing  the  atropine/HI-S  adaixture.  All  sheep 
were  given  the  suppleaental  dose  of  atropine.  The  saa»  treataent  regiaens 
used  on  the  third  day  of  testing  were  also  used  on  the  four:h  day  of  efficacy 
testing. 

After  four  days  of  testing,  because  the  48-hr  GO  LO|fS  estiaated  for 
the  HI-8  therapies  were  not  statistically  significantly  greater  than  that 
calculated  for  the  atropine/ 2-PAM  MKI  therapy,  an  additional  treataent  group 
was  added  to  test  the  treataent  efficacy  of  atropine  alone  (three  injections 
with  1.86  ag  atropine  sulfate  equivalents  per  injection  plus  suppleaental 
atropine).  On  the  fifth  day  of  efficacy  testing,  of  the  ten  sheep  challenged, 
five  were  treated  with  atropine  alone  and  five  were  treated  with  the  MKI 
autoinjectors.  All  sheep  were  given  suppleaental  atropine.  On  tne  sixth  and 
final  day  of  efficacy  testing,  the  treataent  efficacies  of  atropine/HI-6  given 
by  three  wet/dry  autoinjectors  (4  sheep),  equivalent  doses  of  atropine/HI-6 
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giv*n  by  syringe  (4  sheep),  atropine/2-PAM  given  by  three  MKI  autoinjectors 
(4  sheep),  and  atropine  alone  given  by  syringe  {5  sheep)  were  compared.  As  on 
previous  days,  all  treatments  were  given  with  sufficient  quantities  of 
supplemental  atropine  to  deliver  0.5  ag/kg  body  weight. 

The  treatment  groups  studied  In  this  task,  their  abbreviated  group 
names,  and  number  of  animals  tested  in  each  treatment  group  are  displayed  In 
Table  2.  The  results  of  treatment  efficacy  testing  are  presented  In  Table  3. 

3.3.1  Statistical  Analyses 

The  statistical  analyses  of  results  of  this  study  rely  on  a  number 
of  assumptions.  It  was  assumed  that  the  probit  model,  with  no  background 
lethality,  provided  a  reasonable  approximation  of  the  GO  dose-lethality 
response  relationship,  at  least  between  the  10th  and  90th  percentiles.  It  was 
also  assumed  that  the  slopes  of  the  dose-response  relationships  for  each  group 
of  sheep  studied  In  this  task  (Untreated,  Atr/Syr,  2-PAM/HKI,  HI-6/Syr, 
HI-6/Wrt-Ory,  and  HI-6/Atropen)  could  be  approximated  by  a  single  slope.  It 
was  further  assumed  that  the  sheep  were  drawn  from  a  single  population,  with 
no  drift  In  response  over  tlsw.  The  absence  of  a  time  drift  In  response 
perxit:  the  use  of  a  stagewlse  dose  allocation  strategy,  as  opposed  to  testing 
all  animals  simultaneously. 

3.3. 1.1  Analysis  of  48-Hr  Lethality  Data 

Data  froa  sheep  given  virtually  no  therapy  In  Task  88-38  and  data 
from  Task  89-06  were  used  to  estimate  the  48-hr  GO  L0,qS  for  untreated  sheep 
and  for  treatments  of  atropine  alone,  atn)p1ne/2-PAM,  and  atrop1ne/HI-6  with 
different  delivery  techniques.  A  probit  dose-response  model  In  log  GO  dose 
was  fitted  to  the  48-hr  lethality  results  for  the  six  groups  of  sheep.  This 
model  assumed  that  the  dose-response  relations  for  the  six  groups  of  sheep  had 
a  connun  slope  but  different  intercepts.  The  historic  data  from  Task  88-33 
was  Included  to  estimate  the  48  hr-GO  LOj,  for  untreated  sheep,  and  to 
Increase  the  precision  of  the  slope  estimate,  thereby  Increasing  the  precision 
of  the  48-hr  GO  L0,q  estimates  for  the  other  treatment  groups,  '''he  parameter 
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TABLE  2.  TREATMENT  GROUPS  USED  IN  TASK  89-05 


Abbreviated 
Treatment  Name 

Description  of  Treatiient^*^ 

Number  of 
Sheep 

Atr/Syr 

S.S  mg  atropine  delivered  by  3  syringes 

10 

2-PAM/MKI 

6.0  mg  atropine  plus  1,800  mg  2-PAM  Cl  given 

Mith  3  MCI  autoinjectors 

29 

HI -6/ Syr 

5.6  mg  atropine  plus  1,330  mg  HI-6  given  admixed 
In  3  syringes 

24 

KI-6/Wet-Ory 

5.6  mg  atropine  plus  1,330  mg  HI-6  given  with 

3  wet/dry  autoinjectors 

IS 

HI-6/Atropen 

6.0  mg  atropine  given  with  3  MXI  Atropens  plus 
1.3^  mg  HI-6  given  with  3  syringes 

10 

Treated  sheep  received  an  Injection  of  atropine  sulfate  to  supplement 
that  given  In  autoinjectors  or  syringes  to  give  each  animal  a  total  dose 
of  0.5  mg/kg. 
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^3  73.0  5.7  Lived  Lived 

51  74.1  6.3  Died  Died 
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estinates  and  results  fron  fitting  the  coonon  slope  mdel  to  the  48-hr 
lethality  data  are  summarized  in  Table  4.  The  estimate  of  the  coorion  slope  is 
9.61,  with  a  standard  deviation  of  1.59.  Graphs  of  the  probit  dose-response 
models  estimated  for  each  group  of  sheep  based  on  the  common  slope  model  are 
displayed  in  Figure  1. 

In  addition  to  fitting  a  common  slope  model  to  the  combined  48  hr 
lethality  data  from  the  six  groups  of  sheep,  separate  probit  models  were 
fitted  to  each  group.  A  hypothesis  test  of  the  adequacy  of  the  common  slope 
assumption  was  performed  by  comparing  the  fits  from  the  common  slope  and 
separate  slopes  models.  Based  on  the  results  of  a  log-likelihood  ratio  test, 
the  null  hypothesis  of  a  common  slope  for  the  six  groups  of  sheep  was  not 
rejected  at  the  5  percent  significance  level.  While  this  does  not  prove  that 
the  common  slope  assumption  is  correct,  it  does  show  that  there  is  no  evidence 
in  the  data  contrary  to  the  common  slope  assumption. 

The  estimated  parameters  from  the  common  slope  model  were  used  to 
calculate  the  48-hr  GO  LO^  and  protective  ratio  (Pft)  for  each  group  of  sheep. 
For  each  group  of  treated  sheep,  the  PR  was  calculated  as  the  ratio  <if  the 
48~hr  GO  LO„  estimated  for  the  treated  sheep  to  the  4d-hr  GO  LOjg  estimated 
for  untreated  sheep.  The  estimated  48-hr  GO  LD,^  and  PR  for  each  group  of 
sheep  are  presented  in  Table  5.  While  the  PRs  estimated  for  2-PAM/H(I, 
Hl-SySyr,  HI-6/Wet-Ory,  and  KI-G/Atiopen  were  determined  to  be  statistically 
significantly  (jreater  than  1  (at  the  S  percent  significance  level),  the  PR 
estimated  for  Atr/Syr  was  determined  to  not  be  statistically  different  from  1. 
Pairwise  comparisons  were  conducted  between  the  48-hr  GO  LO^s  estimated  for 
the  five  groups  of  treated  sheep.  The  results  of  the  statistical  comparisons 
(at  the  5  percent  significance  level)  may  be  summarized  as  follows: 

•  The  48-hr  GO  LO,,  estimated  for  Atr/Syr  with  no  oxime  therapy  was 
determined  to  be  significantly  less  than  the  48-hr  GO  LC^s 
estimated  for  2-PAM/M(I,  HI-6/Syr,  HI-6/Uet-Ory,  and 
HI-6/Atropen. 

•  There  were  no  statistically  significant  differences  between  the 
48-hr  GO  LO,^s  estimated  for  HI-6/Syr,  HI-6/Wet-Ory,  and 
HI-6/Atropen. 
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TABLE  4.  PAilWETER  ESTIMATES  AHO  MODEL  RESULTS  FROM  FITTING 
COFWON  SLOPE  PROBIT  DOSE-RESPONSE  MODEL  TO  THE  48-HR 
LETHALITY  RESULTS  FRaM  SIX  GROUPS  OF  SHEEP 


Dependent  Variable 

Non-Linear  Least  Squares  Suawiry  Statistics  (48-Hr  Lethality) 


Source 

Df 

Weighted  SS 

Weighted  MS 

Regression 

7 

239,632.21 

34.233.17 

Residual 

169 

165.50 

0.S8 

Uncorrected  Total 

176 

239,797.72 

(Corrected  Total) 
Sue  of  Loss 

175 

502.42 

176.97 

Asyaptntic  95  Percent 


Parameter^** 

Estimate 

Asymptotic 
Standard  Error 

Confidence 

Lower 

Interval 

Upper 

81 

9.61 

1.59 

6.47 

12.74 

801 

•  2.38 

1.32 

-  5.48 

-  0.27 

B02 

-  3.17 

1.62 

-  6.37 

-  0.03 

B03 

-  5.62 

1.80 

-  9.17 

-  2.06 

804 

-  6.00 

1.86 

-  9.67 

-  2.33 

BOS 

•  6.28 

1.93 

-10.09 

-  2.47 

806 

-  6.75 

2.03 

-10.77 

-  2.73 

B1  is  the  estiute  of  the  couun  slope. 

801  is  the  intercept  for  untreated  sheep  fma  Task  88-38  and  Task  89-06. 
B02  is  the  intercept  for  the  Atr/Syr  tre<.ted  group. 

803  is  the  intercept  for  the  2-PAM/W(I  treated  group. 

804  is  the  intercept  for  the  HI-6/Syr  treated  group. 

805  is  the  intercept  for  the  HI-6/Wet-Ory  treated  group. 

806  is  the  intercept  for  the  HI-6/Atropen  treated  group. 
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•  While  the  48-hr  GO  LD,,  estieuted  for  2-PAH/MKI  w4S  determined  to 
not  be  significantly  less  than  the  4S-hr  GO  LOjgS  estimated  for 
HI-6/Syr  and  HI-6/W#t-0ry,  it  was  determined  to  be  statistically 
significantly  less  than  the  48-hr  GO  L0,o  estimated  for 
HI-S/Atropen.  The  95  percent  confidence  interval  for  the  ratio 
of  the  48-hr  GO  LO^^  estimated  for  Hl-6/Atropen  'o  the  48-hr  GO 
LO^  estimated  for  Z-PAH/NKI  was  1.03  to  1.68.  Secause  of  the 
large  number  nf  statistical  comparisons  conducted  at  the 
S  percent  significance  level,  the  statistical  significance  of 
this  result  iiaust  be  Interpreted  cautiously. 

A  second  approach  to  conducting  hypothesis  tests  was  utilized  to 
determine  If  the  48-hr  GO  LO^s  were  statistically  significantly  different  for 
the  three  Atr/HI-6  treatewnts.  This  test  was  based  on  the  asymptotic  chi- 
square  distribution  of  the  log-likelihood  ratio  test  statistic.  The  resulting 
value  of  the  teat  statistic  ms  1.9.  Regarding  1.9  as  a  value  from  a  chi- 
square  distribution  with  t  degrees  cf  freedom,  treatments  were  not 
statistically  diffarent  at  the  10  percent  significance  level.  Therefore,  the 
data  frvxi  the  three  KI-6  regimens  Mre  combined  Into  one  group  of  animals,  and 
a  prebit  dose-response  model  in  log  dose  ms  fitted  to  four  groups.  This 
model  assumed  a  coamon  slope,  but  different  intercepts  far  treatment  groups: 
Untreated,  Atr/Syr,  2-PAfl/MKI,  and  Hl-6.  The  estiMte  of  the  48-hr  GO  LO^ 
for  the  combined  HI-S  therapies  was  14.7  pg/kg,  with  a  9S  percent  confidence 
Interval  of  13.2  to  16.3  pg/kg.  The  estimated  PR  for  the  combined  HI-6 
therapies  was  2.23  with  a  95  percent  confidence  interval  of  1.97  to  2.53.  The 
ratio  of  the  48-hr  GO  lilj,  estimated  for  the  combined  HI-6  therapies  to  the 
48-hr  GO  tA«  estimated  for  Z-PAM/HKI  ms  1.16,  with  a  9S  percent  confidence 
Interval  of  0.98  to  1.37. 

3.3. 1.2  Analysis  of  9Q-f11n.  4-Hr.  and  IQ-Hr  Lethality  Data 

While  most  of  the  lethalities  observed  In  untreated  sheep  In  Tasks 
88-38  and  89-06  occurred  shortly  after  60  exposure,  less  than  half  (22/57)  of 
the  lethalities  observed  In  treated  animals  occurred  within  2  hr  after  GO 
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Injection.  Consequently,  48-hr  lethality  nay  not  be  the  endpoint  best  suited 
for  discriainating  between  the  efficacies  of  HI-6  and  2-PAM,  and,  therefore, 
lethality  at  other  tiaepoints  was  also  investigated. 

Probit  dose-response  models  in  log  GO  dose  were  fitted  to  the  data 
from  the  iix  -jPOup;  of  s.hrep  u»j:;a  90-nin  letha’i^y  and  4-hr  lethality  as 
the  aeasured  response.  These  models  assusKd  that  the  dose-response  relations 
for  the  six  groups  of  sheep  had  a  coaa»n  slope,  but  different  intercepts. 

Upon  analysis,  however,  there  were  strong  Indications  of  a  lack  of  fit  of  the 
common  slope  model  for  both  90-ain  lethality  data  and  4-hr  lethality  data, 
I.e.,  the  hypothesis  of  a  coamun  slope  for  the  GO  dose-lethal  response 
relationships  of  the  six  groups  of  animals  at  the:~  time  points  was  rejected 
at  the  S  percent  significance  level.  Further  analysis  Indicated  that  the  lack 
of  fit  for  both  the  90-min  and  the  4-hr  lethality  data  resulted  from  a 
shallower  r''ope  of  the  GO  dose-lethal  response  relationship  estimated  for  the 
aniauls  treated  with  HI-6  or  2-PAM  than  for  the  Atr/Syr  or  untreated  sheep. 

Time  to  death  data  were  further  examined.  Figure  2  displays  a  plot 
of  the  times  to  death  for  nonsurvivors  in  each  group  of  sheep.  Results 
displayed  in  Figure  2  suggest  that  a  lethality  endpoint  between  6  and  IQ  hr 
might  be  better  suited  for  discriminating  between  the  efficacies  of  HI-6  and 
2-PAM.  Furthenmare,  in  Task  89-12,  lethality  at  iO  hr  had  been  found  to  be  a 
suitable  endpoint  for  discriminating  between  the  efficacies  of  2-PAM  and  HI-6 
In  the  treatment  of  GO  Intoxication  In  monkeys.  Therefore,  a  probit  dose- 
response  model  In  log  GO  dose  was  fitted  to  the  10-hr  lethality  data  from  the 
six  groups  of  sheep.  Again,  this  model  assumed  that  the  dose-response 
relations  for  the  six  groups  of  sheep  had  a  common  slope  but  different 
intercepts.  Ten-hr  lethality  data  are  displayed  in  the  seventh  column  of 
Table  3,  and  parameter  estimates  and  results  from  fitting  the  common  slope 
model  to  this  data  are  summarized  in  Table  6.  The  estimate  of  the  common 
slope  Is  8.64,  with  a  standard  deviation  of  1.45.  Graphs  of  the  probit  dose- 
response  models  estimated  for  each  group  of  sheep  based  on  the  common  slope 
model  fitted  to  the  10-hr  lethality  data  are  displayed  in  Figure  3. 


TABLE  6.  PARAMETER  ESTIMATES  ARD  MODEL  RESULTS  FROM  FiniNG 
COMMON  SLOPE  PROBIT  DOSE-RESPONSE  MODEL  TO  THE  lO-HR 
LETHALITY  RESULTS  FROM  SIX  GROUPS  OF  SHEEP 


Dependent  Variable 

Non-Linear  Least  Squares  Suanary  Statistics  (10-Hr  Lethality) 


Source 

OF 

Weiahted  SS 

Weighted  MS 

Regression 

7 

192,903.85 

27,557.69 

Residual 

169 

159.46 

0.94 

Uncorrected  Total 

176 

193,063.31 

(Corrected  Total) 

175 

735.57 

Sua  of  Loss 

189.41 

Asyaptotic  95  Percent 


Paraaeter^** 

EstiMte 

Asyaptotic 
Standard  Error 

Confidence 

Lower 

Interval 

Upper 

B1 

8.64 

1.45 

5.78 

11.49 

BOl 

•  2.23 

1.21 

-4.62 

0.16 

602 

•  3.88 

1.55 

-6.95 

•  0.81 

B03 

-  5.09 

1.68 

•8.41 

-  1.78 

804 

•  5.38 

.  1.73 

•8.79 

-  1.98 

BOS 

•  5.90 

1.82 

-9.49 

-  2.30 

B06 

-  5.84 

1.87 

-9.54 

-  2.14 

i*)  B1  is  the  estiaate  of  the  coaaon  slope. 

BOl  is  the  intercept  for  untreated  sheep  froa  Task  88-38  and  Task  89-06 
802  is  the  intercept  for  the  Atr/Syr  treated  group. 

B03  is  the  intercept  for  the  2-PAM/HKI  treated  group. 

BC4  is  the  intercept  for  the  HI-6/Syr  treated  group. 

BOS  is  the  intercept  for  the  HI-6/Wet-Ory  treated  group. 

606  is  the  intercept  for  the  HI-6/Atropen  treated  group. 
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In  addition  to  fitting  a  cosnon  slope  nodel  to  the  combined  10-hr 
lethality  data  fro«  the  six  groups  of  sheep,  separate  probit  models  were 
fitted  to  each  group.  A  hypothesis  test  of  the  adequacy  of  the  common  slope 
assumption  was  performed  by  comparing  the  fits  from  the  common  slope  and 
separate  slopes  models.  Based  on  the  results  of  a  1og>1ike1ihood  ratio  test, 
the  null  hypothesis  of  a  common  slope  for  the  six  groups  of  sheep  was  not 
rejected  at  the  5  percent  significance  level.  While  this  does  not  prove  that 
the  common  slope  assumption  is  correct,  it  does  show  that  there  is  no  evidence 
in  the  data  contrary  to  the  common  slope  assumption. 

The  estimated  parameters  from  the  common  slope  mode^  were  used  to 
calculate  the  10-hr  GO  LO^  and  PR  for  each  group  of  sheep,  for  each  group  of 
treated  sheep,  the  PR  was  calculated  as  the  ratio  of  the  10-hr  60  LOg, 
estimated  for  the  treated  sheep  to  the  10-hr  60  LO^  estimated  for  untreated 
sheep.  The  estimated  10-hr  60  LO^  and  PR  for  each  group  of  sheep  are 
displayed  in  Table  7.  Estimated  PRs  were  determined  to  be  statistically 
significantly  greater  than  1  (at  the  5  percent  significance  level)  for  all 
five  groups  of  treated  sheep:  Atr/Syr,  2-PAM/MKI,  HI-6/Syr,  M-d/Wet-Ory,  and 
HI-6/Atropen.  Pairwise  comparisons  were  conducted  between  tr.  •  10-hr  60  LD^s 
estimated  for  the  five  groups  of  treated  sheep.  The  results  of  the 
statistical  comparisons  (at  the  5  percent  significance  level)  may  be 
summarized  as  follows: 

•  The  10-hr  60  L0|f  estimated  for  Atr/Syr  was  deteru^ned  to  be 
statistically  less  than  the  10-hr  60  L0|,s  estimated  for 
Z-PAM/MKI,  HI-«/Syr,  HI-6/Wet-Ory,  and  HI-6/Atropen. 

•  The  10-hr  60  L0|,  estimated  for  2-P/W*/Mi(I  was  determined  to  not 
be  statistically  different  from  the  10-hr  GO  LD|gS  estimated  for 
HI-6/Syr,  HI-6/Wet-Ory,  and  HI-6/Atropen. 

•  There  were  no  statistical  differences  among  the  10-hr  GO  LDj^s 
estimated  for  HI-6/Syr,  HI-6/Wet-Ory,  and  HI-6/Atropen. 
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A  second  approach  to  conducting  hypothesis  tests  was  utilized  to 
determine  if  the  10-hr  GO  LOj^s  were  statistically  different  for  the  three 
Atr/HI-6  treatments.  This  test  was  based  on  the  asymptotic  chi-square 
distribution  of  the  log-likelihood  ratio  test  statistic.  The  resulting  value 
of  the  test  statistic  was  1.6.  Regarded  as  a  value  from  a  chi-square 
distribution  with  2  degrees  of  freedom,  the  three  Atr/HI-6  treatments  were  not 
statistically  different  at  the  10  percent  significance  level.  Therefore,  the 
data  from  the  three  HI-6  regimens  were  combined  into  one  group  of  animals  and 
a  probit  dose-response  model  in  log  dose  was  fitted  to  four  treatment  groups. 
This  model  assumed  a  common  slope,  but  different  intercepts  for  the  following 
groups:  Untreated,  Atr/Syr,  2-PAM/KKI,  and  HI-6.  The  estimate  of  the  lO-hr 
60  LD^  for  the  combined  HI-6  therapies  was  17.1  iig/kg,  with  a  95  percent 
confidence  interval  of  15.3  to  19.3  pg/kg.  The  estimated  PR  for  the  combined 
HI-4  therapies  was  2.49,  with  a  95  percent  confidence  Interval  of  2.17  to 
2.85.  The  ratio  of  the  10-h  ■  GO  LO,^  estimated  for  the  combined  HI-6 
therapies  to  the  10-hr  GO  LO^  estimated  for  2-PJW/MKI  was  1.16,  with  a  95 
percent  confidence  Interval  of  0.97  to  1.38. 


Because  48-hr  or  even  10-hr  lethality  may  not  be  the  best  endpoint 
for  discriminating  between  efficacies  of  HI-6  and  2-PAM,  times  to  death  were 
statistically  analyzed.  The  objective  of  the  statistical  analysis  of  the 
times  to  death  was  to  determine  If  there  existed  a  statistically  significant 
relationship  between  time  to  death  and  GO  dose  for  the  six  groups  of  sheep. 

Times  to  death  for  the  animals  studied  In  this  task  are  displayed  In 
the  last  column  of  Table  3.  Times  to  death  were  treated  as  right  censored  at 
48  hr  for  animals  that  survived  the  48-hr  obsarvatlon  period.  This  means  that 
the  time  to  death  was  not  known  but  would  have  been  greater  than  or  equal  to 
the  assigned  value  had  the  observation  perl^Mi  been  longer.  The  natural 
logarithns  (In)  of  the  times  to  death  were  modeled  as  a  linear  function  of  the 
In  GO  doses  for  six  groups  of  sheep.  This  model  assumed  that  the 
relationships  between  In  time  to  death  and  In  69  dose  had  a  conmon  slope  but 
different  intercepts.  Parameter  estimates  and  results  from  fitting  the  connon 
slope  model  to  this  data  are  summarized  In  Table  8.  The  estimated  parameters 
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of  the  In-ln  regression  aodel  were  used  to  predict  the  time  to  death  at 
2  times  the  estimated  48-hr  GO  LOj^,  of  untreated  sh;ep  (13.2  pg/kg)  for  each 
treatment.  The  predicted  tloMS  to  death  at  a  GO  dose  of  13.2  pg/kg  are 
displayed  In  Table  9. 

Statistical  hypothesis  tests  were  conducted  to  determine  If  the 
predicted  tiMS  to  death  at  a  GO  dose  of  13.2  pg/kg  were  significantly 
different  for  the  six  groups  of  sheep.  Based  on  pairwise  comparisons  of  the 
natural  logarithms  of  the  predicted  times  to  death,  the  predicted  times  to 
death  at  13.2  pg/kg  GO  for  Atr/Syr-treated  sheep  and  untreated  sheep  were 
determined  to  be  statistically  less  (at  the  5  percent  significance  level)  than 
the  times  to  death  at  the  same  GO  dose  predicted  for  2-PAM/HKI,  HI-6/Syr, 
HI-6/Wet-Ory,  and  HI-6/Atropen  treated  sheep.  While  the  predicted  time  to 
death  at  13.2  pg/kg  GO  estimated  for  2-PAM/HKI  treated  sheep  was  not 
statistically  different  than  the  values  estimated  for  each  of  the  HI-6 
delivery  systMS,  It  was  less  than  the  prtdirted  time  to  death  for  each  HI-6 
delivery  system. 


3. 3. 1. 4  Analyses  of  Clinical  Signs  Data 


The  clinical  signs  of  GO  Intoxication  In  the  six  groups  of  sheep 
were  also  statistically  analyzed.  Because  the  current  procedures  used  for 
monitoring  the  presence  of  clinical  signs  have  changed  slightly  from  those 
used  In  Task  88-38,  only  the  96  sheep  tested  In  Task  89-06  were  Included  In 
the  analysis  of  clinical  signs.  The  objective  of  the  analyses  of  clinical 
signs  was  to  determine  If  there  existed  statistically  significant  differences 
between  the  onset  and  duration  times  of  the  sublethal  responses  for  the 
different  treatments  and  delivery  systems.  Each  animal  was  continuously 
monitored  for  clinical  signs  of  GO  Intoxication  during  the  first  120  min 
following  GO  Injection,  and  at  decreasing  frequencies  thereafter.  Clinical 
signs  compiled  for  statistical  analyses  were  onset  and  cessation  times  of 
tremors,  convulsions,  ste<'nal  recumbency,  and  prostration.  Annotated  clock 
times  from  the  clinical  signs  observation  sheets,  and  letter  codes  designating 
the  observation  Interval  In  which  events  were  observed  are  given  In  Table  10 
for  time  tc  death,  and  onset  and  cessation  of  treemrs,  convulsions,  sternal 
recumbency,  and  prostration. 
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TABLE  9.  PREDICTED  TIMES  TO  DEATH  AT  THO  TIKES  THE  UHTREATEO 
48-HR  GO  LDh  FOR  SIX  GROUPS  CF  SHEEP 


Prvdictod  Tin  to  Oo«th  ot  13.2^*^  00 

TrMtaoNt 

N 

Estlnto  (sin) 

95  Ptrcont 

C.I.  (ain) 

UBtrMtod 

8S 

29 

10 

80 

Atr/Syr 

10 

122 

25 

592 

2-PAM/MKI 

29 

1.4€4 

544 

3,940 

HI-B/Syr 

24 

2,232 

770 

7,063 

III-4/W«t-0ry 

IS 

4.402 

1.169 

15,581 

RIoB/Atrofica 

IQ 

7,872 

i.m 

44,235 

^  13.2  6D  is  CM  tiMS  tlw  sstiMtsd  4B-hr  60  LD^  of  untrtited  sh«ep. 
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The  duration  of  the  observation  period  used  for  incidence  of  tremors 
and  convulsions  was  2  hr,  and  43  hr  was  used  for  sternal  recumbency  and 
prostration.  Because  of  similarities  in  onset  and  cessation  times  cf  sternal 
recumbency  and  prostration  for  animals  that  died  within  48  hr,  these  data  were 
not  used  for  analyses  and  are  not  shown  in  Table  10.  Onset  and  cessation 
ti«es  for  prostration  were  recorded  for  only  four  animals.  All  other  animals 
etther  did  not  became  prostrate  or  died  within  48  hr.  Therefore,  no 
statistical  analyses  were  performed  on  onset  or  duration  of  prostration. 

Table  11  displays  numbers  of  animals  in  various  time  categories  for 
time  to  death  and  time  to  onset  of  tremors,  convulsions,  and  sternal 
recumbency.  For  those  animals  that  exhibited  tremors  or  convulsions,  the 
majority  of  onset  times  occurred  between  0  and  IS  min.  Because  of  the  large 
number  of  animals  that  died  prior  to  <8  hr,  the  amount  of  data  for  onset  of 
sternal  recumbency  was  limited  for  each  treatment  group.  The  frequency  counts 
did  not  reveal  any  potential  treatment  group  effects,  and  therefore  no  further 
statistical  analyses  were  done  for  times  to  onset  of  tremors,  convulsions,  or 
sternal  recumbency. 

The  clinical  signs  selected  for  statistical  modeling  and  analyses, 
therefore,  were  durations  of  tremors,  cotivulsions,  and  sternal  recuiid)ency. 

U}<en  both  onset  and  cessation  times  were  noted,  the  duration  in  minutes  was 
simply  calculated  as  the  cessation  time  minus  the  onset  time.  Clock  times 
were  not  recorded  for  the  cessation  of  tremors,  so  midpoints  of  the  intervals 
in  which  tremors  were  last  observed  were  used  to  calculate  duration  of 
tremors.  If  a  clinical  sign  was  not  exhibited  at  all  and  the  animel  lived 
throughout  the  observation  period,  the  duration  was  set  equal  to  zero.  If  a 
clinical  sign  coamwnced  and  continued  throughout  the  remainder  of  the 
observation  period  (animal  lived),  the  duration  was  set  equal  to  the  end  of 
the  obswrvation  period  minus  the  onset  time,  right>censored.  This  means  that 
the  ectuel  value  was  not  known  but  would  have  been  greater  than  the  assigned 
value  if  the  observation  period  had  been  longer.  If  a  clinical  s^gn  commenced 
and  continued  until  the  animal  died  within  the  observation  period,  the 
duration  was  set  equal  to  the  length  of  the  observation  period  minus  the  onset 
time,  right  censored. 
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TABLE  ll.  SUMWRY  OF  ONSET  TIMES  FOR  TREMORS.  CONVULSIONS, 
AND  STERNAL  RECUMBENCY 


Treataent 

Group 

N 

Nuiber 
Survived 
>120  Bln 

Nuaber 

Survived 

>48  hrs 

Tlae  to 
Treaors 
0-15  Bin 

Tlae  to 
Treaors 

15  a1n-2  hrs 

Treaors 
Not  Observed 
In  2  hrs 

Untreated 

5 

2 

2 

5 

0 

0 

Atr/Syr 

10 

8 

1 

7 

3 

0 

2-PAM/MICI 

29 

22 

12 

26 

1 

2 

HI -6/Syr 

24 

17 

10 

22 

1 

1 

HI-6/Wet-Ory 

18 

13 

7 

18 

0 

0 

HI-6/Atropcn 

10 

9 

4 

7 

0 

3 

TreataMfit 

Group 

Tlae  to 
Convulsions 
0-lS  Bln 

Tlae  to 
Convulsions 

15  Bln-2  hrs 

Convulsions 
Not  Observed 
In  2  hrs 

Tlae  to 
Convulsions 
Not  Used‘*> 

Untreated 

2 

2 

1 

0 

Atr/Syr 

2 

1 

6 

1 

2-PAM/M(I 

11 

5 

S3 

0 

HI-6/Syr 

16 

0 

8 

0 

HI-6/Wet-Ory 

12 

2 

4 

0 

HI-6/Atropen 

6 

0 

4 

0 

Treataent 

Group 

Tlae  to 
Sternal 
Recuibancy 
0-15  Bin 

Tlae  to 
Sternal 
Recunbency 

15  a1n-48  hrs 

Sternal 

Recusbency 

Not  Observed 

In  48  hrs 

Tlae  to 
Sternal 
Recuabency 
Not  Used^^ 

Untreated 

0 

2 

0 

3 

Atr/Syr 

0 

0 

1 

9 

2-PAM/MKI 

3 

2 

7 

17 

HI-6/Syr 

2 

5 

3 

14 

Hi-6/Wet-Ory 

3 

1 

3 

11 

HI-6/Atropen 

1 

0 

3 

6 

('^Values  art  not  used  du«  to  death  of  aniMis  within  observation  period. 
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Regression  models  were  fitted  to  the  duration  data  for  tremors, 
convulsions,  and  sternal  recumbency  using  duration  as  the  response  variable 
and  In  GD  dose  and  treatment  group  as  the  independent  variables.  For  duration 
of  tremors  and  convulsions,  regression  BMxiels  were  fitted  both  to  the  data 
from  all  the  animals  and  to  data  only  from  animals  that  survived  the  two-hour 
obvservation  period  (2-hr  sui'vivors).  For  duration  of  sternal  recumbency,  the 
regression  model  was  fitted  to  only  the  data  from  animals  that  survived  the 
48-hr  observation  period. 

Table  12  suaourizes  the  results  for  statistical  models  fitted  to  the 
duration  of  clinical  signs  data.  For  each  fitted  model,  the  estimated  slope 
of  the  regression  model  and  its  standard  error  are  displayed  in  the  third 
column  of  the  table.  Slopes  determined  to  be  statistically  different  from 
zero  at  the  5  percent  significance  level  are  identified.  A  hypothesis  test 
was  conducted  for  each  fitted  model  to  determine  if  there  existed  any 
statistically  significant  differences  between  the  duration  times  for  the  six 
groups  of  sheep  based  on  the  fitted  mede*.  Outcomes  of  the  hypothesis  tests 
are  shown  in  the  fourth  column  of  the  table.  The  estimated  parameters  of  the 
regression  models  were  used  to  predict  the  average  duration  time  at  a  60  dose 
of  13.2  >ig/kg  (tivo  times  the  estisatad  48-hr  ^  LOjg  of  untreated  sheep)  for 
each  gir^p  of  sheep.  The  predicted  group  means  together  with  95  percent 
confidence  intervals  art  shown  in  the  last  six  columns  of  Toble  12. 

tAien  models  were  fitted  to  the  data  from  all  the  animals,  the 
estimated  regression  slope  was  significantly  greater  than  zero  for  both 
duration  of  tremors  and  convulsions.  That  is,  duration  of  tremors  and 
convulsions  were  predicted  to  increase  with  Increasing  60  dose.  Also,  mean 
durations  of  tremors  and  convulsions  showed  significant  differences  among 
treatment  groups.  Mean  duration  times  were  smallest  for  HI-6/Atropen,  and 
moan  duration  times  for  untreated  sheep  were  more  than  twice  as  long  as 
treated  groups. 

When  the  regression  model  was  fitted  to  the  data  from  the  2-hr 
survivors  only,  the  estimated  slope  for  duration  of  tremors  was  not 
statistically  different  from  zero,  but  was  still  positive.  The  estimated 
slope  for  duration  of  convulsions,  however,  was  statistically  significant  when 
the  model  was  fitted  to  data  from  2-hr  survivors  only.  Therefore,  duration 
of  tremors  and  convulsions  were  predicted  to  increase  with  increasing  GO  dose 
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when  attention  was  restricted  to  2-hr  survivors.  There  were  no  statistically 
significant  differences  aaiong  average  duration  tines  of  tretnors  or  convulsions 
for  the  six  groups  of  sheep  based  on  the  nodels  fitted  to  2-hr  survivors. 
However,  the  statistical  power  of  this  test  uy  have  been  reduced  due  to  the 
snaller  sample  si2e  of  the  2-hr  survivors.  The  relationship  aaong  treatiaent 
group  aeans  was  sinilar  to  the  results  based  on  nodels  fitted  to  all  animals: 
Bean  duration  times  were  shortest  for  HI-6/Atropefl  and  longest  for  the 
untreated  sheep. 

For  duration  of  sternal  recumbency,  the  cstiaated  regression  slope 
was  negative,  suggesting  that  duration  of  sternal  recumbency  decreases  with 
increasing  GO  dose.  However,  the  large  standard  error  associated  with  this 
negative  slope  shows  that  this  conclusion  may  not  be  warranted.  There  were  no 
statistically  significant  differences  among  the  averege  duration  times  of 
sternal  recumbency  for  the  six  groups  of  sheep  based  on  the  models  fitted  to 
the  data  from  survivors  only.  The  confidence  intervels  for  the  predicted 
group  means  were  very  wide  and  showed  much  overlap  among  the  treatamt  groups. 
Overall,  inferencts  for  duration  of  sternal  recunbency  were  extremely  limited 
due  to  the  small  amount  of  data. 

Results  displayed  in  Table  12  indicate  siniler  conclusions  were 
obtained  from  modeling  the  data  frm  all  the  aniitals  and  modeling  the  data 
from  the  2-hr  survivors  ofdy.  These  results  taay  be  summarized  as  follows: 

(1)  Durations  of  tremors  or  convulsions  were  positively  related  to 
GO  dose,  with  durations  predicted  to  increase  with  higher  GO 
doses.  This  rcletionship  wes  statisticelly  significant  for 
iurations  of  tremors  and  convulsions  for  all  animals,  and  for 
duration  of  convulsions  for  2-hr  survivors. 

(2)  Analyses  of  durations  of  tremors  and  convulsions  from  all  the 
animals  revealed  significant  treatment  group  effects.  Hean 
durations  were  shortest  for  HI-6/Atropen,  and  longest  for  the 
untreated  sheep.  Though  not  stetistically  significant,  this 
same  relationship  was  observed  among  the  group  means  when  the 
analyses  were  restricted  to  the  2-hr  survivors. 
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(3)  Duration  of  sternal  recuabency  aaong  48-hr  survivors  did  not 
shoM  any  significant  relationship  with  cither  60  dose  or 
treatment  group.  Inferences  froa  these  analyses  were  Halted 
due  to  the  reduced  saaple  size. 

3.3.e  Pathology 

necropsies  were  perforaed  ar<  60  sheep.  These  necropsies  were 
conducted  as  soon  after  death  as  possible.  No  tissues  froa  any  aniaals  In 
this  study  were  preserved  for  histologic  exaalaatlon.  6ross  observations  are 
tabulated  In  Table  1  and  soaaaHzed  la  Table  2  of  Appendix  C.  Treataent- 
relatad  lesions  consisted  of  alld  to  narked  congestion  and/or  heaorrhage  of 
the  lungs,  heart,  thyaus.  trachea,  and  saall  Intestine.  These  lesions  are 
coapatlble  with  60  iatoxleitioa.  and  all  deaths  were  directly  attributed  to 
ageot  toxicity.  Other  alaor  gross  lesions  wore  noted.  a»  iadicated  la  the 
tables,  but  these  were  lacldontal  to  the  60  adnialstratloa.  and  warn 
principally  developaantal  changes  or  dun  to  parasitise. 

3.4  Pharaacoklnetlc  Study 

Ttn  !X  delivery  systeas  for  Ml-6  and  atropine,  aaa»1y  throe 
hypodenric  syringes  or  thrr)  wat/dry  aatolnjertors  per  sheep,  were  used  to 
deliver  doses  of  1380  ng  of  Hl-d  and  5.6  ng  of  atropine  sulfate  equivalents  to 
each  of  eight  sheep  la  a  era.  over  sta^.  A  crossover  design  balanced  for 
delivery  systea  effects,  test  waek  effects,  and  residual  effects  wu  used  In 
the  cxperlaant  aad  Is  presented  la  Table  13.  Hoed  saaples  were  collected 
prtor  to  testing  and  at  1,  2,  3,  4,  5,  6,  8,  12,  16,  20,  40,  60.  80.  120,  180, 
240.  300,  and  360  ala  after  Injection.  Plasaa  HI«6  and  serun  atropine 
coaccfrtratlons  aaasured  for  each  aalaal  at  each  tine  of  sanpllng  are  presented 
la  AppMdix  0. 

On  the  first  day  of  pharaacoklnetlc  studies,  several  wet/dry 
autolnjectors  failed  to  Inject  their  contents,  and  sheep  92  received  the 
content',  o'  only  two  autolnjectors.  These  Injector  failures  appeared  to  oe 
due  to  a  technician  error  because  the  autolnjectors  did  express  their  contents 


TABLE  13.  TREATMENT  SCHEDULE  FOA  PUARKACOKINETIC  STUDIES 


AnlMl 

10 

Week  1 

of.itoslngW 

Week  2 
of  Dosing 

23 

Syringe 

Wet/Ory 

25 

Syriego 

Wot/Ory 

39 

Syringe 

Het/Ory 

M 

Wet/Dry 

Syringe 

92« 

Wet/Dry 

Syringe 

112 

Wet/Dry 

Syringe 

Wet/Chy 

Syringe 

142 

Syringe 

Wet/Dry 

M  u^tNIn  Mck  1,  miImU  2S,  140,  142  tMr*  dos«U 
M  6/25/90;  mIhIs  23.  39.  36  m6  112  mn 
(ios«6  M  6/26/90.  IHthIa  2,  mIuIs  2S, 
92,  140,  Md  142  wcrt  doMi  on  7/3/90;  mImIs 
23.  39.  86.  «ad  112  i«r*  ddMd  «  7/5/90. 

^  Aniul  92' s  trertsMt  of  6/25/90  ms  rtfeited 
00  8/15/90.  For  stotlsticol  wolysls  purposes, 
the  Miok  factor  fof^  the  Mt/dry  results  ms 
treated  as  Mek  1. 
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when  th«  barrels  Mr*  rotated  at  a  later  t<M.  One  technician  was  relatively 
Inexperienced  with  the  Mt/dry  autoinjectors  and  lay  not  have  rotated  the 
barrels  sufficient  prior  to  actetiptcd  Injection.  Sheep  92  was  reinjected  at  a 
later  date  with  three  Mt/dry  autolnjectors  and  blood  saaples  obtained. 

For  each  aniul  and  delivery  Mthod,  AUC^^,  C^,  and  Mre 
calcttlated  froa  the  eaplrlcal  data.  Area  wider  the  blood  concentration-tine 
curve  between  0  and  3fi0  ainutes  was  coaputaJ  by  the  trapezoidal  aethod. 
was  presaaad  to  be  the  aaxiaae  observed  concentration,  and  the  tine  of 
saaplinf  correspondind  to  the  aaaiwai  concentration.  In  addition,  for  each 
cnbination  of  aniaal  and  delivery  technique,  Hl-d  and  atropine  blood 
cenceatratiotts  were  codeled  as  functioM  of  tine,  using  appropriate 
coapartaental  phanucokinetic  aodels.  To  detemine  the  type  of  aodels  which 
best  fit  the  data  and  ta  estiaate  inHial  er  'seed*  valMS  for  paraaeters  of 
that  andel,  aean  concentration  valueo  as  a  fUactien  of  tiao  for  all  sheep  with 
both  delivery  aeth^  were  jriphed  using  a  parseaal  coapiiter.  Figures  4  and  S 
are  graphs  of  nodeled  asea  data  for  HI-*  aad  atropino,  respectively.  A  one- 
coapartaant  aodel  provided  the  best  fit  far  the  Hl-d  aean  data,  aad  a  two- 
coapartannt  aodel  best  fit  the  atrepiae  ana  data.  Fhamacoklnetlc  paraaeters 
estiaated  for  HI-4  ware  1^  and  to  the  fallewing  siagle-coapartaent 
aodel: 


where  is  the  HI-4  blood  csacentratiea  at  tine  t  after  dosing,  and  0  is 
the  dose  of  HI-4  delivered. 

Phamacokinetic  paraaeters  estiaated  for  atropine  Mre  A,  B,  o,  S. 
and  k,  in  the  fellowing  tM  coapirtMnt  aodel: 

C„,  -  A(e"^  -  e'*^*)  ♦  l(e’^  -  e"*^*). 

The  blood  concentration  over  tiae  data,  for  each  aniaal  and  both  injection 
techniques,  Mre  transferred  to  Battalia's  VAX  aalnfraae  coaputer  for  nore 
precise  estlcatlofi  of  the  paraaeters  of  one-  and  two-coapartaent  aodels  for 
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HI-6  *nd  atropine  data,  respectively.  Paraaeter  estiaations  were  performed  on 
the  VAX  using  the  Statistical  Analysis  Systea  (SAS;  Cary,  NC)  NLIM  (nonlinear 
regression}  prograa.  Additional  pharmacokinetic  paraaeters  were  then 
calculated  froa  the  astioated  paraaeters  of  the  aodels  and  statistically 
analyzed.  The  set  of  pharmacokinetic  paraaeters  statistically  analyzed  are: 

first-order  rate  constant  for  ajtpearance  of  a  drug  in 
the  systemic  circulation  (min''), 

first-order  rate  constant  for  drug  elimination  by  all 
routes  (min'*), 

area  under  the  drug  concentration  versus  time  curve 
from  t  -  zero  to  t  -  360  min  (pg  of  HI-6  «  a1n/mL,  or 
ng  of  atropine  *  min/ssL), 

pmnli  or  maxlBaa  coacentration  Oag  of  HI-6/mL,  or  ng  of 

ttre|HM/mL)> 

ttan  to  Merlaui  concemtratloo  (bIr), 


apHrot  voleam  of  distribution  of  a  drug  that  obnys 
singln-compirtment  kinetics,  computed  only  for  HI-v, 

a). 

ONrcrslI  epparent  voIubo  of  distribution  of  a  drug  that 
elMys  tw»^o^i»artn>nt  Scinottcs,  as  calculated  by  the 
ar«e  method,  coxputsd  only  for  atropine,  (1), 

V,(k,t/8)  uhore  V,  -  0/M. 

Pharmacokinetic  paraaeters,  as  determined  by  modeling  data  for 
atropine  and  KI-6  for  each  animal,  are  contained  in  Appendix  0. 

There  were  no  observable  signs  of  atropinization  in  sheep  used  in 
pharmacokinetic  studies.  Pupillary  size  and  response  to  light  at  20  min  after 
injection  of  atropine  and  HI-6  did  not  appear  to  be  different  than  that 
observed  prior  to  injection.  Pupillary  response  to  light  was  slow  and  limited 
at  both  time  points.  There  was  virtually  no  difference  In  heart  rates  at  the 
two  observation  times.  Muscle  coordination  and  ambulation  at  120  min  after 
injection,  whan  sheep  were  removed  from  restraint,  did  not  appear  different 
than  that  observed  prior  to  re.straint. 


PhinucoklMtlc  paruHters  Mr«  statistically  analyztd  to  detsraino 
If  thare  wort  any  affacts  dtM  to  typ*  of  dallvary  or  Mctk  of  tasting,  and  to 
assass  th«  variability  la  t.Ha  pharmacokinatic  paraaatars  aaong  tha  aniaals. 
L^ilrlcally  darivad  values  af  tha  HI-4  phanucokinatic  paraMtars 

aad  t^  an  prasantad  ia  Table  14.  HI-4  pkaraacoklnatlc  paraMtars 
calculated  fv'os  slngla-caapartMnt  aodals  are  tbaM  la  Tablas  IS  and  14. 
i^rdal-basad  astlutas  af  AUC^^.  C^.  and  an  plotted  against  tha 
aapirically  dataninad  values  la  Figures  6.  7.  aad  S.  Ttw  plots  doMnstrata 
that  than  asists  a  strong  llnaar  nlatlonshlp  batnaan  tha  Bodal-basad  and 
anplrlcally  dataninad  values  of  AUC^^  aad  C^.  Cornlatlons  Mn  coa|>ut8d 
bataaon  the  anpirically  and  aodal-basad  values,  and  cornlatlons  Mn 
dataninad  to  be  statistically  diffarant  (at  tho  S  parcant  significance  loval) 
froa  zan  for  all  three  pareeatars.  Camlatloes  betMon  the  t»e  sets  of 
astlautss  an: 


^**eaaa 

14 

6,m 

0.0001 

14 

9.944 

0.0001 

IS 

4.7» 

0.0007 

Table  17  swarlzas  the  nselts  of  statistical  analyses  and 
hypothesis  tasting  for  delivery  technique,  anlaal-tu-anlMl.  and  Mok  of 
testing  variability.  The  average  values  of  the  pharucokinetic  paraMters 
astimted  for  both  delivery  techniques  an  shan  In  tho  second  and  third 
cslians  of  the  table,  lacause  the  experleants  Mn  balanced  for  delivery 
technique,  tha  standard  errors  of  tha  averages  an  Identical  for  both  of  tha 
techniques.  The  standard  error  of  the  average  phanacokinetic  paraMtar  for 
both  Injection  nthods  Is  displayed  In  tha  fourth  celuen  of  the  table.  For 
each  HI-4  phanacokinetic  parantar,  a  statistical  hypothesis  test  was 
pvr.srmed  to  datenina  If  the  sffact  of  daUvary  was  statUl  ■  ally 
significant.  Tha  values  of  tha  F  tests  and  their  obaarvad  significance  levels 
are  given  In  tha  .c«it  tM  colunns  of  tha  table. 
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TASil  U.  MI-«  PHAWUCCXIMETIC  PAJWKETERS 

C^.  ini  0£RnED‘*‘  FROH  EiiPiRKSlT DATA 


Aolatl 

Tost 

Uetk 

Ool Ivory 
Systta 

(pg5?n?aL) 

(«irj 

n 

1 

Syr Into 

3  929 

S3. 2 

20.3 

2 

yot/Ory 

3.637 

49.6 

40.0 

zs 

1 

Syving« 

2.166 

23,3 

40.S 

2 

Wot/Ory 

1.234 

16.2 

12.0 

3t 

1 

Syringo 

2.906 

42.9 

12.0 

2 

Utt/Ory 

1.S40 

19.3 

20.0 

M 

2 

Syringo 

2,<:*2 

39.6 

12.0 

1 

Hot/Ory 

2,579 

32.9 

16.0 

92 

;» 

Syringo 

2,536 

28.5 

20.0 

i 

«ut/0ry 

3,0.*2 

3$.-» 

20.0 

UZ 

« 

Syringo 

.',434 

25.6 

40.0 

1 

Wot/Dry 

3, £61 

42.0 

20.9 

140 

2 

Synngo 

3.4S3 

91.0 

20.0 

1 

Kot/Ory 

ill 

S.8 

40.0 

142 

1 

Syringo 

3.159 

36.5 

16.0 

2 

Wot/Ory 

2.67! 

31.9 

16.7 

C4lcuUt‘«d  froa  tiM  obstrvtd  HI-(  pUuu  conc»ntrat1on-t{iM 
curvt  using  tM  tr»p«zo1d«1  tMthod,  Is  tk«  uxliKa  obstrvtd 
conctntrttlon,  Md  Is  tbt  stapling  tiat  corrtspcndlng  to  tht  atxlaua 
obstrvtd  conctntrttlon. 


I 
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TABLE  IS.  HI-6  PHARKACOKIHETIC  PAJMiCTERS  V.,  k,, 
ntON  ONE-coMPAfiiioT  woa 


AbImI 

0«lfv«ry 

T«d»1qu« 

Test 

l^BVK 

fe, 

(■Hi-O 

(■Vb-‘) 

(f) 

23 

Syrlng* 

1 

<J.37l 

0.315 

22.13 

ytt/Ory 

2 

0.052 

0.019 

21.14 

23 

Syr1i»s« 

1 

o.isa 

0.0U} 

49.28 

itet/Ory 

2 

0.112 

9.0)7 

60.14 

39 

Syrlingt 

1 

0.335 

0.017 

27.44 

ttet/Ory 

2 

0.222 

O.OIl 

UM 

as 

S)rrl»9« 

2 

0.146 

0.016 

34.77 

H«ty9*y 

1 

9.261 

8.014 

36.36 

92 

2 

0.173 

0.012 

39.67 

«i*t/5ry 

1 

0.281 

C.013 

32  J3 

112 

Syringt 

2 

0.080 

0.009 

40.10 

M«t/Sry 

1 

O.ISO 

0.013 

26.15 

140 

Syring* 

2 

0.197 

0.C16 

23.76 

U*t/0ry 

1 

0.026 

0.020 

65.36 

142 

Sjrringe 

1 

0.149 

0.015 

28.51 

Htt/Ory 

2 

0.247 

0.013 

37.62 

r-. •I"*- 
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TABLE  16.  Hl>6  PHAmACOKINETIC  PARAtCTERS  CALCULATED  FROM 
k,.  k,,.  AND  V4  BASED  ON  ONE-COMPARTMENT  HOOCL 


AiiImI 

Ttst 

WWWm 

0*)lv«ry 

Systea 

Oig<«tn7Sl) 

0*5^) 

(w?n) 

23 

1 

SyH»9« 

4,154 

54.6 

9.0 

2 

W«t/Dry 

3,444 

36.7 

30.4 

25 

1 

Syr1ng« 

2,727 

23.3 

18.7 

2 

Wct/Ory 

1,350 

16.4 

19.8 

39 

1 

Syriitg* 

2,963 

42.9 

9  4 

2 

W«t/Ory 

2,030 

19.1 

14.4 

86 

2 

Syr1n5a 

2,463 

30.2 

17.0 

1 

Mrt/Cry 

2,730 

32.2 

11.9 

92 

2 

Syrlno* 

2,761 

28.3 

16.4 

1 

M«t/Ory 

3,302 

35.3 

14.6 

112 

2 

Syrlng* 

3,667 

26.1 

30.8 

1 

Mct/Dry 

3,944 

41.7 

17.7 

140 

2 

Syr lug* 

3,523 

46.3 

13.8 

1 

ItotyOry 

1,062 

8.9 

43.7 

142 

1 

Syringe 

3,280 

37.5 

17.3 

2 

Uet/Ory 

2,828 

31.1 

12.6 

EMPIRICALt,^ 
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The  coapcment  of  veHation  duo  to  the  effects  of  the  different 
aniaals  was  estimated  for  each  HN6  pharmacokinetic  parameter.  The  estimates 
of  the  between  animal  variance  components  are  displayed  in  column  seven 
of  Table  17.  Negativt'  estimates  of  the  variances  were  reported  as  zero.  To 
assess  the  magni tuck  .  aninal-to-animal  variability,  the  between  animal 

variance  caBp<r.ettts  ^  tistically  compared  to  the  variance  component 
estimated  for  the  var  within  animals  (^.  Ratios  of  the  two  variance 

components,  and  statis  <.  i^ificance  levels  for  the  between  animal 
variance  compement  am  .  ••i  in  the  eight  and  ninth  columns  of  the  table. 

For  each  pharmacokinetic  ,  •  statistical  hypothesis  test  was 

perfomed  to  determine  if  th*.  <.  ..ct  of  week  was  statistically  significant. 

The  values  of  the  F  tests  and  their  observed  significanc(>  levels  am  displayed 
in  the  last  two  columns  of  the  table. 

Effects  of  delivery  techni^,  animal  variability,  and  test  week 
wem  determiiied  to  be  statfsticelly  insignificant  (at  the  S  perceot  level)  for 
all  of  the  aiee  PI«4  phammcokinctic  paraaetem.  Nuacrfcelly.  the  mean  values 
of  the  empirical  and  madcl-baswd  estimates  of  AUCg^  and  wem  somewhat 
greater  for  syringe  delivery  than  for  the  wet/dry  autoinjector. 

Statistical  Milyses  of  Atropine  Pharnacoklnetic  yaraseters 

Sipiricai  values  of  the  atropine  pharmacokinetic  parameters  AUC«^. 
and  t^  am  presented  ia  Table  IB.  Atropine  pharmacokinetic  parmwters 
calculated  from  tw»<ampartacet  models  am  shown  in  Tables  19  and  20.  The 
ahserptien  rate  constant,  (k^,  was  net  able  to  be  detemined  from  the 
injection  by  syringe  data  for  aninal  39.  This  was  the  result  of  very  rapid 
absorption  of  the  atropine  when  delivered  by  syringe  to  this  animal.  The 
model  ■based  estimated  k,  value  was  so  large  that  it  was  essentially 
unquantifiable.  This  problem  did  not  appear  to  adversely  affect,  however,  the 
ability  of  the  pharmacokinetic  model  to  estlaato  the  remaining  parameters  for 
this  animal. 

Model-based  estinates  of  AUC^^,  C^,  and  t^  am  plotted  against 
the  empirically  detemined  values  in  Figums  9,  10,  and  11.  The  plots 
demonstrate  that  a  strong  linear  mlationship  exists  between  the  model-based 
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TABL£  18.  ATROPINE  PHARMACOKINrilC  PARAMETERS  AUC^. 

ANO  OERIVEO^  FROM  EMPIRICAL  DATA 


AaImI 

Test 

Week 

Delivery 

Systea 

(n^laTV) 

(4ri.) 

(iff*.) 

23 

1 

Syringe 

2,304 

37.9 

2.0 

2 

Wet/Ory 

2,191 

27.4 

3.0 

2S 

1 

Syringe 

2,036 

18.4 

16.0 

2 

Met/Ory 

1,574 

13.5 

12.0 

39 

1 

Syringe 

1,843 

34.9 

2.2 

2 

Met/Ory 

1,533 

19.6 

3.0 

86 

2 

Syringe 

1,768 

24.0 

12.0 

1 

Wet/Ory 

1,937 

29.5 

2.0 

92 

2 

Syringe 

2,258 

25.0 

3.0 

1 

Met/Ory 

1,848 

1S.8 

s.o 

112 

2 

Syringe 

2,029 

17.2 

^.9 

1 

Wet/Ory 

2,084 

31.0 

3.0 

140 

2 

Syringe 

1,839 

33.1 

2.0 

1 

Wet/Ory 

1,963 

11.8 

20.0 

142 

1 

Syringe 

2,621 

31.3 

12.0 

2 

Wet/Ory 

2,246 

26.6 

3.3 

calculaUd  froa  th«  ttrua  atrop^n*  concmtratlon-tfa*  curve 
using  the  trapecoldal  MtlMd.  (s  t)w  MxiMai  o^servad  concentration, 
and  t_  Is  the  saapHng  tlae  corresponding  to  the  naxlaui  observed 
concentration. 


TABLE  19.  ATBOPiNE  PNAAMACCXMETIC  PARAMETERS  A,  B. 
c.  4  AMD  k,  FlOH  TW-^0«>ART)€NT  MODEL 


ArIm) 

Dtllvary 

SystM 

Tost 

deok 

A  .. 

• 

c 

k, 

(■tn-*) 

23 

SyHoQO 

1 

32.03 

4.33 

0.02S 

0.003 

1.644 

Not/Dry 

2 

274.50 

13.29 

0.413 

0.006 

0.475 

2S 

SyHngo 

1 

1S.12 

1.5$ 

0.008 

0.004 

1.133 

Wttyory 

2 

11.96 

3.51 

0.015 

0.003 

0.298 

39 

Syriopo 

1 

26.51 

6.46 

0.043 

0.004 

W 

Wot/Ory 

2 

1S.64 

3.36 

0.022 

Q.mz 

1.048 

86 

Syrinpo 

2 

19.SS 

2.99 

0.019 

0.002 

1.672 

Wot/Ory 

1 

26.00 

3.76 

0.027 

0.002 

1.941 

92 

SyHojo 

2  ■ 

20.24 

4o24 

0.016 

0.003 

0.957 

yptyory 

1 

14.S3 

4.44 

0.016 

0.004 

24U 

112 

Syrins# 

2 

11.70 

5J6 

o.on 

0.004 

0.335 

Wtt/Dry 

1 

20.17 

4.24 

0.018 

0.903 

1.031 

140 

Syriago 

2 

28.37 

4.40 

0.035 

0.003 

1.226 

Wot/Ory 

1 

•60.40 

75.35 

O.OOS 

0.005 

0.09S 

142 

Syrinfo 

1 

141.30 

14.0S 

0.081 

0.006 

0.120 

MotAOry 

2 

23.13 

4.69 

0.019 

0.003 

2.753 

MM  aot  pMsIbI*  to  oMoquotoly  MtlMto  k,  frea  tfco  dota  calloctod 
duo  to  rapid  absorptlM  of  itroplHo. 
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TABLE  20.  ATRQPIIIE  PHAfiMCOKINCTIC  PABAICTERS  CALCUUTEO  FROH  | 

A.  g.  c.  AW)  k,  BASED  01  TW^CONPAftTMENT  MODEL  C 


Aalaal 

Test 

MWK 

Delivery 

Systea 

(■in*') 

AUC^ 

(ng^eln/M.) 

(^■t) 

(■fn) 

<0  1 

23 

1 

Syriji^e 

0.013 

2.224 

33.7 

3.0 

709 

2 

Wct/Ory 

0.020 

2.094 

17.8 

6.9 

70  1 

2S 

1 

Syringe 

0.008 

2.041 

16.0 

4.5 

590  1 

2 

Wct/Ory 

0.007 

1.561 

12.8 

12.9 

992  i 

39 

1 

Syringe 

0.014 

1.851 

32.9 

0.0 

638  r 

2 

Wet/Ory 

0.008 

1.532 

17.3 

4.7 

1159 

86 

2 

SjrTinge 

0.010 

1.712 

21.3 

3.1 

1038 

1 

Met/ Dry 

0.011 

1.893 

27.7 

2.7 

973  .  r 

f  A 

92 

2 

Syringe 

0.0C9 

2.198 

22.7 

5.0 

720  |; 

1 

Met/ Dry 

0.009 

1.810 

18.7 

2.4 

706  ■  I 

m 

2 

Syringe 

0.007 

2.010 

15.0 

11.8 

594  i 

1 

Wet/Ory 

0.010 

2.041 

22.6 

4.6 

140 

2 

Syringe 

0.013 

1.811 

28.9 

3.8 

855 

1 

Wct/Ory 

0.007 

1.991 

11.9 

29.7 

502  f' 

142 

1 

Syringe 

0.021 

2.590 

28.4 

17.6 

129  '► 

2 

Wct/Ory 

0.010 

2.193 

26.8 

2.0 

660 

i‘" 


FIGUK  t.  BBOCL-IASED  VE8SUS  EMPltlCAt  MKo^xo  FOK  SEIIUN  ATROFIME 
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e~p  riciliy  detenined  v*lue$  of  ind  C^.  Correlations  were 

c:  puted  bel«een  c.*pirical  and  •odel-based  values  of  these  parameters,  and 
correlations  were  oetermined  to  be  statistically  different  (at  the  5  percent 
significance  level)  from  zero  for  all  three  parameters.  Correlations 
calculated  between  the  two  sets  of  estimates  are: 

Parameter  n  Correlation  P-*alue 
16  0.M4  0.0001 

16  0.9?8  O.OOOl 

i6  0.719  0.0017 

Statistical  procedutts  utilized  to  analyze  the  atropine 
phanRacoklnetic  paraeieters  are  analogous  to  those  employed  to  analyze  the  HI-6 
estimates  for  all  paraMters  except  k,.  The  unquamtlf table  k,  value  for  sheep 
39  was  treated  as  right-censored  at  3.0  min'*.  This  Mens  that  the  k,  value 
Is  not  known  but  would  havo  boom  preator  than  epual  to  thm  assignod  value 
If  It  had  been  able  to  bo  estlaatod.  This  approach  allowed  am  amalytU  of 
variance  om  16  k,  values,  one  of  idiich  was  treated  az  rigbt-comsored.  Thm 
presemru  of  riglst-censored  data,  however,  re<pi1red  specialized  program 
enploylng  eaxleue  llUllheod  methods  rathor  than  least  sguare  tochnlpMS  tm 
porfens  the  analysis  of  variance.  Therefore,  test  statistics  assessing  the 
slgilflcance  of  effects  cm  the  k,  perameter  have  am  appreximet#  c*«1-sguare 
distribution  Instead  of  the  F  distribution  employed  for  the  other  perimeters. 

Hypothesis  tests  were  conducted  for  each  phermcefclnotlc  paraenter 
to  detorelno  the  statistical  slgoiflcanco  of  effects  of  delivery  tochmigtM, 
animal,  end  week  of  testing.  Table  21  summarizes  thm  results  ef  statistical 
analysis  amd  hypethesis  testing  for  Injection  tocheigue,  amlmel-to-anleel ,  and 
•».k  af  viriibMlty.  MhlTe  the  effects  of  delivery  were  det«r<sifn»d  to 

be  statistically  int'gnUicamt  (at  the  I  nercent  level)  for  all  ef  the 
pharmecoklnclic  parameters,  they  were  marginally  significant  for  the  e«p1'’1ca1 
•nj  model-based  estivates  of  (P-0.07  and  P-0, 01,  respectively', 

i.'erically,  tr-.v  ein  ve'vev  of  ll»e  eep'ncal  and  -sccJel -based  .•’>  a* 
**^w-i*e  JO'^^'Hiat  greater  for  syringe  delivery  than  for  the 

«et  Cry  lutj  The  between  aninal  variance  component  was  <jeterT,-r't.v  tj 

be  statUt>cai1/  significant  for  the  empirical  and  model-based  estimates  ot 


imc  21.  SWMay  Of  SUTISTICAl  ANAIYSIS  Of  OCLIVERT  SVS1D4,  AKIKAL-IO-AHIKAL, 

AM)  WCfK  Of  fCSriNG  VAAIMILITV  fOO  ATROPINE  PHAAHACOXINEi  1C  PARAHtUrtS 
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AUC,  The  veriatloa  ie  pheraecokinetic  paraaeters  ever  the  two  weeks  of 
testing  was  detera^ned  to  be  statistically  insisnificant  for  all  paraaeters. 

CO  inbibitioci  of  oviee  MC  aad  eel  AChC  activity  data  are  presented 
in  Figere  12.  Tbe  level  of  AChE  activity  la  saaplet  froe  ten  different  sheep 
and  froe  a  sla^le  eel  AChE  preparation  was  esaeiaed  at  CO  concentrations 
rangiof  free  0.10  iwi  to  6.33  bM.  The  average  CO  concentration  Hhlch  produced 
SO  percent  tniilbitian  of  s66C  AChE  (IC|f)  after  S  Bin  at  23  C  was  1.7S  nN 
(Table  22).  This  was  thrae>fo1d  hlpher  than  the  IC^  ***  hOti,  which  was 
eatiaeted  to  be  0.56  aN. 

Date  on  the  aBowat  ef  NI>4  reactivation  ef  ovine  AChC  at  23  and  37  C 
are  presented  la  Fifere  13  as  a  senl-lefafithBlc  plot.  The  average  log 
percent  reactivation  value  for  each  tine  pelat  wan  esed  to  constmet  the  plot. 
The  average  siege  and  Intercept  values  frea  the  regression  analyses  perfomod 
or.  tho  ie^lviduel  shneg  leg  percent  reactivation  verses  lacehetlen  tine  data 
era  shoMi  ie  Tahle  23.  Statistical  analysis  af  these  dote  Indiceted 
significant  dlffevences  (h  <  O.OS)  la  the  siege  and  Intercegt  values  ef  the 
23  C  and  37  C  data.  The  y>1atercegt  (the  astlaated  percent  ef  AChE  that  can 
hn  reactivated  by  Ml-4  at  tiaa  lare)  and  slope  volees  were  significaetly  less 
(h  <  O.OS)  it  37  C  than  at  23  C.  Taklag  the  leverM  log  ef  the  yoletercept 
shews  that  at  tine  lere  there  Is  66.1  and  70. S  percent  reactivation  ef  AChE  hy 
MI-4  at  23  and  37  C,  respectively.  The  nsre  negative  slope  velee  ehtelaed  et 
37  C  Is  ladicative  ef  •  faster  rate  of  aging  than  was  shserved  at  23  C.  These 
data  are  not  surprising  in  that  the  eging  rate  ef  cycloheptylaethyl- 
phosphenyleted  hewlee  HC  AChE  hes  been  ihswn  to  Increese  as  the  reectlen 
tanpereture  lecreeses.^^ 

Table  24  presents  estlnatrs  of  tine  reewired  to  obtain  various 
levels  of  aging  of  SO-inbibited  ovine  AChC  at  incubation  tenperatures  of  23  C 
and  37  C.  Fifty  percont  af  AChE  activity  appears  to  have  eged  after  3.2  ein 
or  d.4  Bin  of  incubation  at  37  and  23  C,  respectively.  This  Is  a  2.5-fold 
difference  in  ag  -')  at  the  two  teeperatures.  Twenty  perrtnt  of  the 
;i0-tnhibt ted  AChi  activity  could  be  reactivated  by  !i|-4  at  11.6  ein  at  37  C 
and  22.1  ein  at  23  degrees  C. 
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TAALE  22.  ESTIMATION  OE  m  SO  aMCOmUTKM  ItCQUIREO  TO  IRNIBIT 


OVIK  AOi£  tY  FIFTY  PCBCEKT  (ICJ 


I  REQUIRE 
AT  23  CW 


SHESf 

IB 

1^  VALUE 

3bl  am 

A3 

l.M 

34 

l.tt 

AS 

3t 

l.Bl 

13 

31 

1^ 

a 

iJ2 

M 

m 

u 

L4B 

M  TIM  11M  «M1«I  (T<4«^)  It  mK  t*  Mlv«  fOT 
1«f  fal  «l««i  tlw  l««tl  0f  pmemt  1(K1h1tioa. 

TIm  {«N1v14mI  tlotM  (M)  ««lMi  mi  y>l«t«rcapt  (B) 
valwt  oar*  mui  f»  tiMM  ulcalatlaM.  Cal 
ACM  aMIklUi  M  ICs  mUm  M  i.m  m  CB. 


UOl^OAipOS^  ;U9DJ9cj  6oi 


Length  of  GD  Incubation  (min) 


TAgLE  23.  SUMMARY  Of  TME  SLOPE  AJQ  Y-INTOCEPT  VALUES 
FROM  REGRESSION  ANALYSIS  OF  THE  AGING  OAIA^*) 


SLOPE  Y  -INTERCEPT 

23  C  37  C  23  C  37  C 


t€AN  4.028  4.047^  1.935  1.848^ 

0.004  0.006  0.033  0.031 

set  0.001  0.002  0.009  0.010 


^  flw  tlflo*  mi  f^ttUrea^  «r«  tvragti 

dwHvci  froB  IfidtvIOiMl  raymtlM  tMlysAS  of 
«fi4  iaU  of  lilsoO  Miflts  frca  tM  iifftrmt  sN«^. 

^  ftm  23  C  vaIm  at  p  <  O.OS. 
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TA8U  24.  ESTIMATION  OF  GO-AOiE  INOJaATION  TIME 
FQft  VARIOUS  ACRE  REAaiVATIOH  VALUES^*) 


OMCkE  MQJSATION 
IJttTH  iMIItUTE$)<M 

KRCEIT 

REAaiVATIOi  23  C  32  C 


10.0 

33.4 

20.0 

22.8 

30.0 

18.4 

40.0 

11.9 

S0.0 

* 

8.4 

00.8 

S.8 

70.0 

3.2 

80^ 

1.1 

18.1 

11.1 

7.9 

5.2 

3.2 
l.S 


^  ■MCtlvAtsr  •  808  ^  NMt  O  •  11.8  m 

M  Um  ENMtfoi:  T  •  in  ♦  I- 

23  Ct  X  •  ^  -  1.I3S)/('0.028) 
37  Cl  X  •  (Y  -  1.8tt)/(-0.047) 

M  M  NtUiubl*  «t  37  C. 
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CONCLUSIONS 


Tlw  «st1aitloii  of  th«  SO  4d-hr  LOj^  In  tbo  population  of  sheep  used 
ia  this  study  did  not  differ  statistically  fna  the  €.6  pg/Scg  predicted  in  a 
previous  task,  and  this  value  was  accepted  as  the  LOj^  in  this  study. 
Statistical  analysis  of  truxtsst  efficacy  data  desKtnstrated  that  the  48-hr  GO 
LOsi  of  sheep  treated  with  atropine  alone  (7.1  P0/kg)  was  significantly  less 
than  the  48-hr  GO  LO,^  estiutod  for  sheep  traated  with  atropine/2-PAN 
(12.7  iigykg)  or  atreptoe/Hl-d.  There  were  no  statistical  differences  la  LO^s 
of  sheep  treated  with  atroptne/Hl-d  whee  using  wet/dry  autoinjectors 
(IS.O  pg/kg).  syringes  (14.0  jttg/kg).  or  Atropens  and  syringes  (16.7  pg/kg). 
yhile  the  4S-hr  GO  LQ|,  istisatiid  for  sheep  treated  with  atrepine/Z-PAN  was 
not  sigaificautly  loss  (at  tho  O.OS  level)  than  the  10,1^  of  shoop  treated 
with  atr«pitke/MI-<  luing  syringes  or  wet/dry  autolejactors,  it  was  Marginally 
differeiit  thaw  the  LOj,  for  sheep  treated  with  atrepiae/MI-4  uaing  Atropens 
and  syringes.  Since  atrepin«/MI-4  treatoMts  using  variens  delivery 
t<>cJMl(|MS  were  net  statistically  differeet.  the  data  was  coeihlned  for  the 
thru*  dl-d  Ml  ivory  and  a  4i>.hr  GO  LOg,  of  14.7  pg/kg  ms  estiMat^ 

fer  (IS-d  treated  sheqi.  Using  this  value,  the  Pt  fur  etropiae/Ml*4  treatBont 
was  2.23  with  a  99  percent  eonfidenen  interval  of  1.97  to  2. S3. 

Analysis  of  nertalfty  data  at  10  hr  fellewing  laJectioM  of  GO  led  to 
siMilar  results  in  that  the  GO  esttaated  for  sheep  treated  only  with 
at.nipitia  was  less  then  for  atropiae/2-PdN  or  etrepiee/Mt-4  treated  sheep. 

There  were  ee  si<^if1caiit  dlfferwcce  in  of  sheep  treeted  with 
atrepiM/NI-4  due  to  the  use  of  different  i»4ectien  tedwigiMs.  and  there  were 
BO  significant  differences  in  LOj^  of  atrop1n#/2-PAN  treated  sheep  and 
etrapine/Mi>«  treeted  sheep.  Predicted  tive  U  death  at  2  X  40-hr  GO  10^  hf 
■BtrMted  iheep  (13.2  pg/kg)  were  slgeificaatly  less  for  sheep  treated  only 
with  atrepine  than  for  etrop1ne/2-PAM  and  atrepine/MM  treatod  sheep.  Tines 
t«  dtaih  for  atroplne/Z-PAM  and  atrop1ne/HI-4  treated  sneep  were  not 
significantly  difforeet,  althc'ugh  predictad  tines  wrre  euaerically  larger  for 
atroplM/HI-4  treatod  sheep. 

In  the  aodeling  of  signs  of  GO  letoxication,  durations  of  trenors 
and  convulsions  were  positively  related  te  GO  dote,  with  durations  increast  ^ 
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with  higher  GO  doses.  This  relationship  was  statistically  significant  when 
data  froei  all  sh4i«p  was  Bodeled  and  was  also  significant  for  duration  of 
convulsions  when  data  only  froi  2-hr  survivors  was  Modeled.  Analyses  of 
durations  of  traaori  end  convulsions  froa  all  sheep  revealed  significant 
treateent  group  effects.  Nsm  durations  were  shortest  for  HI>6/Atropen  and 
iMgest  for  the  latreated  sheep.  TheegJi  net  statistically  significant,  this 
saw  relationship  was  observed  awng  the  group  aeans  when  date  were  restricted 
te  2-hr  survivors  only.  Ouratien  of  sternal  mcwbency  aaong  48-hr  survivors 
did  not  show  any  significant  relationship  with  nither  GO  dose  or  treatannt 
group  altbow#  inferences  were  United  due  te  the  reduced  sanple  size. 

No  itnusuel  pnthelogic  findings  were  noted.  Observations  of  sheep 
for  clinical  signs  of  atropiaization  daring  phanaecohinetic  studies  yielded  no 
inforaation  ef  significanen. 

tttnd  on  analyses  ef  Hl-4  and  atropine  phernacekiRetic  parawters, 
there  were  ne  stsiisticnlly  significant  differences  between  the  twe  Injectioa 
technigues.  NuMHcelly,  aeen  velucs  e#  the  «pir1ee1  and  neda1«besed 
estinates  ef  AUC^^  md  were  sewuhet  greeter  for  syringe  iejectian  then 
for  the  uet/dry  aoteinjecter  for  both  MI<4  end  atrepine. 

tan  agfng  rate  ef  shnsp  red  bleed  cell  AOME  Is  bigbly  dependent  ufien 
^h«  GO-ACh£  inc4^t1ou  tanveratiBre.  Under  the  cenditiens  used,  fifty  percent 
ef  shwp  me  AChC  appears  te  age  by  1.2  nie  at  37  C  and  by  1.4  ntn  «t  23  C. 
Twenty  pnreant  ef  fiO-inhlbited  sheep  MC  AChC  cenld  bn  reactivated  by  Hl-4  et 
11.4  nin  whne  Incubated  at  37  C  and  at  22.4  nin  uhon  incubated  at  23  C. 

t.a  anfm  apoifya 

Of  the  144  aheap  osed  ie  Taalt  14-44,  SS  arrlveti  et  the  NtCF  on 
3/4/94  and  the  reaeiader  arrived  en  4/10/94.  LO^,  «on  treatnent  efficacy 
ttediea  were  conducted  between  3/14/94  and  4/13/94.  niamecokinetic  studies 
were  coasted  between  4/21/94  and  l/lS/90.  Records  pertaining  to  the  conduct 
ef  these  studies  are  centatned  te  lattelle  laboratory  record  Leeks  which  are 
specific  for  this  task.  These  recerd  books  are  clearly  laeeled  as  te  contants 
of  each  veluw.  Theae  records  and  the  final  rap«rt  will  be  naintained  at  the 
KREF  until  acceptance  ef  the  final  repert  by  the  U.S.  Amy.  At  that  tine. 
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records  Mill  be  forwarded  to  the  U.S.  Amy  or  archived  at  Battel 1e.  Unused 
autoinjectors  have  been  returned  to  their  Miwfacturer  or  to  USAMftlCD. 
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9.  OOJertivet  TIte  oninn  Ml-4  given  in  conjunetiw  nidt  atropirie  appears  to 
M  tlie  nost  effective  treetwnt  of  pinecolyl  nethylpAosphonofluoridate 
(Seaan;  GO)  ietoiicatieo  eveilaOle.  The  efficacy  of  NI-4  against  60  has 
Maan  repeatedly  denenitreted  in  e  variety  of  aniiuls,  including  rodents, 
rehiits,  dogs,  and  aaninnHn  prinetn.  A  najor  obstacle  to  the  developBMt 
of  MI-4  for  nilitary  ese  is  its  narted  instability  in  solution.  Canrent 
U.S.  Amy  aetoiiijnctnr  systaaa  pact  age  ell  conponants  in  solution.  An 
effort  Is  underway  te  dewlap  e  delivery  device,  e  wet/dry  autoinjector, 
yiicb  will  alien  packaging  of  NI-4  in  its  stable,  crystalline  fom.  Two 
conpenies  have  nearly  canpieted  developaant  of  systens  which  allow  the 
packaging  of  Hl-4  in  dry  fam  until  Just  prior  to  use.  In  thesn  systan, 
HI-6  IS  rapidly  solvated  by  a  solution  of  atropine  sc  that  within  a  natter 
of  seconds  Chn  nixtare  of  atropion  and  HI-6  can  be  injected.  Since 
edngnata  shelf  life  (>  3  yr)  can  be  expected  for  HI-6  whilo  in  a  dry  fom. 
tha  use  of  a  waC/dry  entainjectbr  appners  absolutely  critical  to  the 
saecessful  fielding  of  this  exine  *s  a  nerve  agent  antidote. 

Mo  j[n  vivo  studies  have  been  reported  that  docuaent  the  wet/dry 
autoinjcctor  concept  as  valid  for  an  energtncy  antidote  approach  for  nrrve 
ageiit  intoxication.  Substantial  differences  exist  between  the 
experinental  adainistration  of  previously  prepared  solutions  of  atropine 
plus  Hi-fi  given  by  syringe  and  the  proposed  adninii tration  of  the  drugs 
using  a  wet/dry  autoinjerxor.  The  inportant  potential  problees  with  a 
wet/dry  auCoinjector  delivery  include: 
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•  Ally  wasurahU  delay  in  the  adaini  strati  on  or  nerve  agent  antidote 
iMitause  of  th«  required  solubilization  tim  for  HI-o  juy  result  in 
therapeutic  failure.  Tiue  to  treatsuMt  becoaes  critical  once  signs  of 
aerve  agent  intoxication  are  aanifcsted. 

•  An  atypical  dispersion  pattern  of  che  adnixed  solutron  in  tissue  aay 
■artedly  alter  the  absorption  of  the  antidote  coaiponents.  Tne  design  of 
the  autoinjectors  is  such  that  the  tissue  dispersion  pattern  of  the 
injected  Material  cannot  be  sieulated  in  the  lal^atory  with  the  use  of 
syringes.  This  atypical  pattern  has  been  shotiM  to  alter  the 
pMreacokinetic  behavior  of  atropi.te  uhtn  ccnpanad  to  conventional 
Injection  aethods. 

•  A  relatively  seall  deliverable  dose  of  tiue  to  a  saall,  fixed  voluee 

capacity  of  the  aoioinjector  say  be  inadequate.  Although  tiie  data  base 
for  MI'A  soggests  efficacy  against  Gd  intnxicatioo,  virtually  all 
stadics  have  been  daee  in  seal  I  aniaals  {<  Id  kg)  at  relatively  large 
deiea  (20*200  ef/kg}*  As  packaged  in  available  autoinjectors,  the  dose 
of  HI*4  to  a  70  kg  eae  ranges  free  S.7  to  7.1  ttg/kg  per  injection.  It 
is  lot  certain  that  )tl*^  can  provide  ioprovad  survivai&ility  or  reduced 
aorhidity  tn  the  fielded  ncrva  agent  antidote  I'oginKs 

ithen  its  'sse  is  aatstrtliaid  by  formlatioe  a-Wor  doctfisal 

cottsi derations^ 

The  objectives  of  this  task  are  to: 

•  Oetereine  efficacy  of  treetient  of  69  intoxicatioo  in  sheep  with 
atropine  i0i  MI*4  delivered  intraauscularly  (IM)  by  mt/drf  autoinjecter 
coapared  te  delive«7  by  conventional  hypoderaic  syringe. 

•  rnepei a  efficacy  of  «trepina/MI>4  delivered  by  wet/dry  autoinjector  to 
the  efficacy  of  atropine  plus  pralidoxioe  chlorite  (2-PAK)  delivered  by 
the  5Urt  1  (MCI)  autoinjector  ia  preventing  the  effects  of  60 
iotOKicaCion  in  siMMp, 

ixamrimntal  Oesitpi: 

A.  Test  Systna 

(1)  Anfoals  -  ^eep  are  used  for  this  study  because  of  their  krcxn 
response  to  organophosphate  (OP)  cheeical  surety  naterlel  (CSH), 
and  because  of  sinilarlties  vith  aan  in  body  tveight.  Experiaents 
are  conducted  in  a  stage*«ite  fashion  to  linit  the  nuaber  of 
aniaals  used  to  the  niciaua  necessary  to  achieve  statistically 
valid  results.  Sheep  are  held  for  up  to  48  hr  following  exposure, 
at  which  tiae  survivors  are  euthanatized  by  the  injection  of  hign 
concentrations  of  pentobarbital  sodiua.  Siscoafort  and  injury  of 
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animals  are  limited  to  that  which  is  unavoidable  in  the  conduct  of 
scientifically  valuable  research.  If,  in  the  judgement  of  the 
Study  Director  or  the  Study  Veterinarian,  a  sheep  appears  to  be  in 
a  moribund  state  and  in  pain,  that  animal  will  be  euthanatized. 
However,  since  animals  moribund  during  the  first  24  hr  following 
OP  exposure  have  been  observed  to  fully  recover,  no  animals  will 
be  euthanatized  during  this  period.  Anesthetics,  analgesics,  or 
tranquilizers  for  the  relief  of  pain  or  anxiety  cannot  be  used  in 
these  studies  because  they  would  interfere  with  the  biological 
effects  caused  by  the  challenge  agent  or  test  compounds.  External 
stimuli  and  manipulation  are  minimized  to  decrease  any  associated 
anxiety 

Protocols  of  all  experiments  using  animals  are  reviewed  and 
approved  by  Sattelle's  Institutional  Animal  Care  and  Use  Committee 
(lACUC)  prior  to  initiation  of  the  study.  The  Program  Manager 
accepts  responsibility  for  the  proper  care  and  use  of  animals  in 
the  conduct  of  research  described  in  the  protocols. 

Sheep  are  serologically  Q-fever  negative,  mature  wethers  obtained 
from  Thomas  0.  Morris,  Inc.  (Reistertown,  HO)  or  another  similar, 
approved  source  of  research  animals.  Sheep  are  shorn,  as 
necessary,  to  improve  their  comfort  in  an  indoor  environment. 

(2)  Weight  »  Initial  weight  of  sheep  will  be  60-80  kg. 

(3)  Quarantine  -  Sheep  are  examined  by  a  veterinarian  upon  arrival. 
Blood  samples  are  drawn  for  complete  blood  counts  and  fecal 
samples  are  obtained  for  parasite  infestation  evaluation.  Sheep 
are  held  in  isolation  end  observed  for  signs  of  clinical  illness 
for  at  least  7  days  prior  to  use  in  a  study. 

(4)  Selection  -  Animals  selected  after  quarantine  are  in  good  physical 
condition.  Sheep  are  weighed,  and,  based  on  weight,  randomly 
assigned  utilizing  a  program  (AMRANO)  written  at  Battel le  for  use 
on  personal  computers,  that  assures  homogeneity  across  groups.  A 
maximum  of  95  sheep  will  be  used  in  this  efficacy  study, 

(5)  Animal  Identification  -  All  animals  are  tagged  in  the  car  to 
retain  positive  identification  during  handling  and  observation. 

(6)  Housing  -  Sheep  are  group  housed  in  an  outdoor  fenced  area  with 
available  shelter.  Pno-  to  experimentation,  they  are  brought 
into  the  laboratory  and  maintained  as  small  groups  in  animal 
holding  rooms.  At  the  time  of  experimentation,  they  will  be 
placed  in  slings  to  which  they  have  been  acclimated. 
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(7)  Lighting  -  Sheep  are  group  houiSd  in  an  outdoor  fenced  area  prior 
to  experimentation.  When  they  are  moved  into  experimental  areas, 
fluorescent  lighting  with  a  light/dark  cycle  of  12  hr  each  per  day 
is  usexi. 

(8)  Temperature  -  Maintained  at  70  s  10  F  in  indoor  areas. 

(9)  Humidity  -  Maintained  at  50  t  10  percent  in  indcor  areas. 

(10)  Diet  -  Sheep  are  fed  Purina  Ruailab  Chow  and  a  limited  amount  of 
hay.  If  necessary  to  maintain  or  increase  body  weight,  a  higher 
energy  feed  such  as  a  mixture  of  cracked  corn,  alfalfa  pellets  and 
molasses  may  be  locally  procured  and  fed.  Ho  contaminants  that 
would  interfere  with  the  results  of  the  scudy  are  known  to  be 
present  in  the  feed. 

(11)  Water  Supply  -  Water  is  supplied  frtm  the  Sattelle  West  Jefferson 
water  system  and  given  ad  libitum  during  quarantine  and  holding. 

No  contaminants  that  would  affect  the  results  of  the  study  are 
known  to  be  present  in  the  water.  Water  is  analyzed  for 
impurities  on  an  annual  basis. 

(12)  Battelle’s  Animal  Resourcts  Facilities  have  been  registered  with 
the  U.S.  Oepartaent  of  Agricuiti-re  (USOA)  as  a  Research  Facility 
(Number  31-21)  since  August  14,  iS67,  and  are  pericdicaily 
inspected  in  accordance  with  the  provisions  of  the  Federal  Animal 
Welfare  Act.  In  addition,  animals  for  use  in  research  are 
obtained  only  from  laboratory  animal  suppliers  duly  licensed  by 
the  USOA.  Battel le's  most  recent  statement  of  assurance  regarding 
the  Department  of  Health  and  Human  Services  (CHHS)  policy  on 
humane  care  of  laboratory  animals  was  accepted  by  the  Office  of 
Protection  from  Research  Risks,  National  Institutes  of  Health  on 
July  29,  1986.  Animals  at  Battel 1e  are  cared  for  in  accordance 
with  the  guidelines  set  forth  in  the  "Guide  for  the  Care  and  Use 
of  Laboratory  Animals*  (OHHS  Publication  No.  (NIH)  85-23)  and/or 
in  the  regulations  and  standards  as  promulgated  by  the 
Agricultural  Research  Service.  USOA,  pursuant  to  the  Laboratory 
Animal  Welfare  Act  of  August  24,  1966  as  amended  (P.L.  89-544  and 
P.L.  91-579), 

(13)  On  January  31,  1978,  Battelle's  Columbus  operations  received  full 
accreditation  of  its  animal  care  programs  and  facilities  from  the 
American  Association  for  Accreditation  of  Laboratory  Animal  Care 
(AAALAC).  Battelle's  full  accreditation  status  has  been  renewed 
after  every  inspection  since  the  original  accreditation.  The  MREF 
is  a  part  of  the  facilities  granted  full  accreditation. 


I 


MREF  Protocol  53 
Medical  Research  and 
Evaluation  Faci 1 i ty 
August  8,  1589 
Page  5 


B.  Test  Material 

.  (1)  Treatoient  Compounds  -  Treatment  compounds,  atropine,  and  2-PAM, 

contained  in  MKI  antidote  injection  systems  and  atropine  and  81-6 
contained  in  wet/dry  autoinjectors  as  well  as  additional  HI-6  are 
provided  by  USAiMRICB.  Commercially  available  injectable  atropine 
sulfate  solutions  are  purchased  for  use  as  supplemental  atropine 
in  efficacy  studies.  Sufficient  numbers  of  each  injection  system 
from  the  same  lot  are  provided  so  that  sheep  can  be  injected  to 
'  perform  efficacy  experiments  against  GO  challenge. 

(2)  Chemical  Agents  -  GO  is  supplied  by  USAMRICO.  Purity,  appropriate 
identification  (barch  number,  lot  number,  state),  and  stability 
data  are  supplied  by  USAMRICO.  Purity  and  stability  of  agents 
stored  at  Battelle  are  periodically  confirmed  by  Battelle 
personnel  using  analytical  chemistry  techniques  and  standards 

’  provided  by  USAMHOC. 

(3)  Surety,  security,  and  safety  procedures  for  the  use  of  OP  chemical 
agents  are  thoroughly  outlined  in  facility  plans,  in  personnel 
requirements  for  qual i f ication  to  work  with  CSM,  and  in  standard 
operating  procedures  (SOPs)  for  storage  and  use  of  CSM. 

i 

C.  Test  Groups  -  El^periiiients  are  carried  out  in  two  distinct  phases.  The 
first  phase  'S  to  estimate  a  24  hr  GO  LO5,  in  this  population  of 
sheep.  Prior  experimentation  in  MREF  Task  38-33  established  the  24  hr 
GO  LDjj  in  sheep  at  approxmatsly  6.5  ^g/kg  body  weig.it.  Sheep  are 
given  IM  injections  of  GO  at  doses  established  by  statisticians  using 
only  a  few  sheep  a  day  in  an  up-and-dovtn  design.  Using  a  common  slope 

i  model  (i.e.,  using  the  slope  determined  for  the  dose-response 

lethality  curve  fur  GO  determined  in  MREF  Task  88-38),  an  LOj,  is 
estimated  by  a  probit  mode’.  A  statistical  hypothesis  test  is  then 
conducted  to  determine  if  the  two  L0j,s  are  similar.  No  more  than 
10  sheep  are  used  in  this  phase.  If  after  five  or  more  sheep  have 
been  dosed,  the  estimated  LO^  is  within  the  95  percent  confidence 
limits  of  the  LO,,  obtained  in  MREF  Task  88-38,  the  LO.,  estimated  in 
*  MREF  Task  30-33  is  accepted  as  the  LO5,  for  sheep  in  this  study.  The 

mean  onset  time  (MOT)  of  cholinergic  signs  of  OP  intoxication  in  sheep 
given  GO  LOj,  doses  or  greater  is  estimated. 

Phase  two  is  accomplished  to  compare  the  GO  intoxication  treatment 
efficacies  of  atropine/HI-6  given  by  3  wet/dry  autoinjectors, 

I  equivalent  doses  of  atropine/HI-6  given  by  syringe,  and  atrep i ne/2-PAM 

given  by  3  MKI  autoi njectors .  Treatments  are  gi-en  at  the  MOT 
determined  in  phase  one  or  at  a  time  selected  by  the  Study  Director 
and  the  UEA.'^RICO  technical  contact  for  this  study.  The  dose  of 
atropine  is  augmented  via  syringe  to  provide  0.5  mg  of  atropine 
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sulfate  equivalents  per  itiiograsi  of  body  weight.  Experiments  are 
conducted  in  a  stagewise  fasnion,  using  only  a  few  sheep  in  each 
treatment  group  per  day,  to  determine  the  LDj,  for  each  group.  The 
LOsjS  and  slopes  of  the  dose  response  curves  are  compared  after  each 
stage  to  determine  any  significant  differences  in  efficacies  of 
therapy.  A  maximum  of  25  sheep  in  the  itropine/HI-6  via  syringe  and 
atropine/2-PAM  (riKI)  treatment  groups  are  used.  A  maxixura  of  35  sheep 
are  used  in  the  atropine/HI-6  via  wet/dry  autoinjsclor  group.  Since 
this  atropine/HI-6  group  LO^  will  be  compared  to  both  the 
atropine/HI-6  by  syringe  LOjj  and  the  atropine/2-?AM  MKI  autoinjector 
LD,!.  the  power  of  statistical  comparisons  is  increased  by  dosing 
additional  sheep  in  this  group.  If  significant  differences 
(a  of  0.05)  in  treatment  ifficacies  is  determined  with  fewer  sheep, 
experimentation  will  cease  at  that  time.  If  after  a  minimum  of  10 
sheep  in  each  of  the  three  groups  have  been  challenged  and  treated 
there  is  not  a  statistical  difference  in  LD^  values  of  atropine/2-PAM 
and  atropine/HI-6  treated  sheep,  the  USAHRICO  Task  Area  Manager  and 
Contracting  Officer's  Representative  are  consulted  and  a  course  of 
further  action  planned. 

0.  Study  Preparations  -  Animals  are  held  in  a  pen  and  acclimated  to  a 
sling  at  the  MflEF  prior  to  use.  Each  sheep  is  weighed  within  24  hr  of 
intended  use.  Anesthesia  is  not  used  since  it  would  affect  the 
occurrence  of  clinical  signs  of  0?  intoxication. 

E.  Injection  of  Challenge  and  Treatment  Materials  -  Animals  sre 
restrained  in  slings  at  the  time  of  dosing.  Dosing  of  exewipt 
concentrations  of  GO  will  occur  at  the  face  of  an  approved  hood,  with 
no  more  than  2  mt  injected  at  any  site  in  the  caudal  muscles  of  the 
right  thigh  and  with  no  more  than  two  injection  sites.  Treatments  are 
given  in  the  anterior  lateral  muscles  of  the  left  thigh  with  a  I  inch 
or  more  separation  of  injection  sites. 

F.  Observations  -  Sheep  are  observed  for  signs  of  GO  intoxication, 
including  cwsclc  fasciculations,  tremors,  convulsions,  excessive 
sal ivation/bronchial  secretions,  and  prostration,  as  feasible,  for 

48  hr  following  GO  challenge.  Animals  are  closely  observed  for  signs 
of  intoxication  for  the  first  2  hr  following  agent  challenge,  and  then 
at  decreasing  frequency  for  the  remainder  of  the  AS-hr  observation 
period.  Any  signs  observed  and  tho  time  of  onset  are  recorded  as 
feasible. 
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G.  Disposal  of  Experimental  Anirsals  -  Animals  dying  on  study  are 

necropsied  and  gross  lesions  recorded.  After  necropsy,  remains  are 
incinerated.  Sheep  still  alive  at  the  end  of  the  A8-hr  observation 
period  are  euthanatized  and  cremated.  No  tissue  sample  collection  is 
performed . 

10.  Statistical  Approach:  Estimates  of  the  GO  dose-24  hr  lethal  response 

re  1  at  ions  Tor  Gj  in  sheep  given  atropine/Hl-6  via  wet/dry  auf'injector  are 
compared  with  those  of  sheep  given  atropine/HI -6  by  syringe  c  atropine/ 
2-PAM  by  MKI  autoinjector  to  determine  if  significant  differences 
(?  <  0-05)  exist  between  efficacies  of  the  treatments.  Sheep  are  used  in 
a  stage-wise  design  to  minimize  the  number  of  animals  used  to  determine  if 
significant  differences  exist.  Two  parameter  probit  dose-response  models 
are  fitted  separately  to  each  treatment  group  by  means  of  maximum 
likelihood  estimation  to  predict  the  relation  between  probability  of 
lethality  within  24  hr  and  GO  dose.  Co..iparison  of  the  three  treatments  is 
accomplished  by  testing  for  significant  differences  in  estimated  LDj^s 
and  slope  values  obtained  for  the  treatments.  Based  on  these 
dose-response  fits,  estimates  of  the  LDj,  dose  level  and  slope  and 
associated  95  percent  confidence  intervals  are  made  for  each  treatment. 

If  statistically  significant  differences  (P  <  0.05)  between  injection 
systems  are  detected  with  fewer  animals  than  the  established  maximu.m, 
experimentation  ceases  at  t.hat  ti.i». 

The  incidence  or  rfrcover7  from  sublethal  responses,  such  as  convulsions  or 
prostration,  are  statist'cally  analyzed,  as  feasible,  to  determine 
differences  in  incidence  or  seventy  of  effects  in  sheep  treated 
differently. 

11.  Records  to  be  Maintained; 


A.  CSM  accountabi 1 ity  log  and  inventory 
3.  Preparation  of  reagents  and  dosage  administration 
C.  Animal  response  data 

0.  Experimental  parameters  and  test  conditions 
E.  Confirmation  of  disposal 

12.  Rwrjorts: 


A  Draft  Final  Report  will  be  prepared  and  submitted  for  review  to  the 
USAMfiOC  COR  within  60  working  days  after  completion  of  the  task.  It  wi’l 
include  cne  fol lowing: 
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A.  Signature  page  for  key  study  individuals  and  their  responsibilities 

B.  Experimental  design 

C.  Animal  supplier 

0.  Test  animal  selection  criteria 

E.  Test  material  description  and  preparation 

F.  Clinical  observations 

G.  Tabulation  of  response  data 

H.  Statistical  nethodolagy 

I.  Discussion 

A  Final  Report  that  addresses  the  review  comaents  of  USAHROC  will  be 
prepared  and  submitted  within  30  working  days  of  receipt  of  ccoments. 


Program  Manager 


Study  Veterinarian 


Statistician 
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Ceterninat'on  of  trie  Efficacy  of  HI-6  and  Atropine  as  Delivered  by  a  Wet/Ory 
Autoinjector  or  by  Syringe  in  the  Treat.’sent  of  Soaan  Intoxication  in  Sheep 


Protocol  Affiendoient  No.  1 
Change:  Page  4,  Section  9. A. (8). 

Temperature  will  be  maintained  at  65  i  15  F  in  indoor  areas. 
Reason:  Change  is  made  to  be  consistent  with  HREF  SO?  C-03-4,  April  1989. 
Impact  on  Study:  hone. 

Change:  Page  4,  Section  9. A. (9). 

Relative  humidity  will  be  maintained  at  50  t  20  percent  in  indoor 
areas. 

Reason:  Change  is  made  to  be  consistent  with  HREF  SOP  C-03-4,  April  1939. 
Impact  on  Study:  None. 


Study  Director 

j{L<.  CJ  . 

LTC  Don  W.  Aorte, 
USAMRICO  COR 


iSate 


Date 


1 
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Determination  of  the  Efficacy  of  HI-6  and  Atropine 
as  Delivered  by  a  Wet/Dry  Autoinjector  or  by  Syringe 
in  the  Treatment  of  Soaan  Intoxication  in  Sheep 


Protocol  Aacndment  No.  2 
Change:  Page  5,  Section  9.C.. 

"Treatments  are  given  at  the  MOT  determined  in  phase  one  or  at  a  time 
selected  by  the  Study  Director  and  the  USAMRICO  technical  contact  for 
this  studv."  is  replaced  with  "Trercasent  injections  are  given  as 
simultaneous! y  as  possible  at  1  mn  after  GO  injection." 

Reason;  Time  and  sethod  of  injection  were  requested  by  MAJ  James  R.  Stewart, 
USAMRiCJ. 

Impact  on  Study:  hone. 


Carl  I.  ORon, 
Study  Director 


TvMrrpo:' 


3  -  2^3  -  ^  O 

nn - 


Jo  f  O 

Date 
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Determination  of  the  Efficacy  of  HI-6  and  Atropine 
as  Delivered  by  a  Wet/Ory  Autoinjector  or  by  Syringe 
in  the  Treatment  of  Soaan  Intoxication  in  Sheep 


Addendum  1 


After  sheep  have  been  dosed  with  GO,  and  14  treated  with  atropine  and  HI-6 
using  v^t/dry  autoinjectors,  and  10  each  treated  with  either  Mark  I 
autoinjectors  or  atropine  and  HI-6  by  syringe,  there  is  no  statistical 
difference  in  the  LDj.s  of  60  between  treatments,  although  the  estimated  LDjjS 
are  more  than  twice  that  of  sheep  given  no  therapy.  As  described  in  the 
protocol,  the  USAMRICO  Contracting  Officer's  Representative  (CCR)  and  Task 
Area  Manager  (TAM)  were  consulted  when  this  occurred.  As  a  result,  additicn.sl 
treatment  groups  will  be  used.  This  may  include  similar  groups  given  the  same 
treatments  by  separate  injections  of  atropine  and  HI-6  (i.e.,  not  admixed)  or 
different  treatments  such  as  increased  or  decreased  levels  of  atropine  to 
determine  if  efficacy  of  the  HI-6  changes,  or  treatments  of  atropine  alone 
without  an  oxime  to  determine  any  changes  in  LOjjS.  This  should  help 
delineate  effectiveness  of  HI-6  in  treatment  of  GO  toxicity  in  sheep. 


arl  T.  Olson, 
Study  Director 


on  H.  Korte, 
USAMRICO  COR 
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Determination  of  the  Efficacy  of  HI-6  and  Atropine 
as  Delivered  by  a  Wet/Ory  Autoinjector  or  by  Syringe 
in  the  Treatment  of  Soman  Intoxication  in  Sheep 


Deviation:  This  protocol  specifies  sheep  will  be  held  in  rooms  with  a 
temperature  range  of  50-80  F  and  a  relative  humidity  of 
30-70  percent.  Conditions  in  animal  rooms  are  recorded  twice  daily 
using  a  hand-held  combination  thermometer/hygrometer  to  obtain 
temperature  and  relative  humidity  readings.  The  relative  humidity 
recorded  in  rooms  in  which  sheep  were  held  during  the  efficacy 
phase  of  the  experiment  ranged  from  29  to  77  percent.  Excursions 
outside  relative  humidity  ranges  specified  in  the  protocol  were 
reported  to  a  maintenance  engineer  and  adjustments  of  huraidistats 
.made. 


Impact  on  Study: 


Temperature  and  relative  humidity  ranges  recommended  for 
sheep  are  not  specified  by  the  National  Institutes  of  Health 
in  their  Guide  for  the  Care  and  Use  of  Laboratory  Animals 
(NIH  Publication  No.  86-23,  Revised  1985).  The  short-lived 
excursions  outside  relative  humidity  specifications  stated  in 
the  protocol  should  have  no  impact  on  the  validity  of  the 
study. 


Can  f .  01  son,  O.V.M.,  Ph.0~ 
Study  Director 


Date 


/J-  0<LT<i0 
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Determination  of  the  Efficacy  of  HI-6  and  Atropine 
as  Delivered  by  a  Wet/Cry  Autoinjector  or  by  Syringe 
in  the  Treatment  of  Sooan  Intoxication  in  Sheep 


Protocol  Amendment  No.  3 
Change:  Page  5,  Section  9.C. 

“The  first  phase  is  to  estimate  a  24  hr  GO  LOj,  in  this  population  of 
sheep.*  is  changed  to  read  *The  first  phase  is  to  estimate  a  43  hr  GO 
LDy  in  this  population  of  sheep.* 

Page  7,  Section  10. 

*EstiBates  of  the  GO  dose-24  hr  lethal  response . *  is  changed  to 

read  *Estimates  of  the  GO  dose-48  hr  lethal  response . * 


Reason:  Sheep  are  being  held  and  observed  for  43  hr,  and  to  be  consistent 

with  statistical  analyses  performed  in  previous  tasks,  it  is 
advisable  to  base  analyses  on  48  hr  rather  than  24  hr  mortality. 


Impact  on  Study:  This  should  create  no  effect  on  the  performance  of  the  study 
other  than  the  data  analyzed.  In  previous  experiments  in 
sheep,  there  has  been  virtually  no  difference  in  24  hr  and 
48  hr  GO  LOj,  values. 


Carl  T.  Olson,  O.V.H.,  Ph.O. 
Study  Oi rector 


VV-  2-^0 
Date 


p.  O »o  S  o 
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Comparison  of  the  Pharaacokinetics  of  HI-6  and  Atropine 
as  Delivered  by  a  Het/Dry  Autoinjector  or  by  Syringe 


Study  performed  by  Battel  Is  Memorial  Institute 
SOS  King  Avenue,  Columbus,  Ohio  43201-2693 


1.  Program  Manager:  Garrett  S.  Dill,  O.V.M. 

2-  Study  Director:  Carl  T.  Glscn,  O.V.H.,  Ph.D. 

3.  Veterinarian:  Peter  1.  Jepseii,  O.V.M. 

4.  Statistician:  Ronald  G.  Menton,  Ph.O. 

5.  Sponsor:  u.S.  Army  Medical  Research  and  OevelopBcnt  Coonand  (USAMROC) 

6.  Sponsor  Monitor;  MAJ  James  R.  Stewart,  Ph.D.,  U.S.  Army  Medical  Research 

Institute  of  Chemical  Defense  (USAHRICD) 

^ oxime  HI-6  given  in  conjunction  with  atropine  appears  to 
be  tn-  faost  effective  treatn«nt  of  pinacolyl  mathylphosphoncf luoridatc 
(Sc««n,-  GO)  intoxication  available.  The  efficacy  of  HI-6  against  GO  has 
been  repeatedly  demonstrated  in  a  variety  of  animals,  including  rodents,  . 
rabbits,  dogs,  and  nonhuaon  primates.  A  major  obstacle  to  the  development 
uf  HI-6  for  military  use  is  its  marked  instability  in  solution.  Current 
U.S.  Army  autoinjector  systems  package  all  components  in  solution.  An 
effort  is  underway  to  develop  a  delive^  device,  a  wet/dry  autoinjector, 
which  will  allow  packaging  of  HI-o  in  its  stable,  crystalline  form.  Two 
coapanies  have  nearly  cwapletcd  development  of  systems  which  allow  the 
packaging  of  HI-6  in  dry  form  until  just  prior  to  use.  In  these  systems, 
HI-6  is  rapidly  solvated  by  a  solution  of  atropine  so  that  within  a  matter 
of  seconds  the  mixture  of  atropine  and  HI-6  can  be  injected.  Since 
adequate  shelf  life  (>  3  yr)  can  be  expected  for  HI-6  while  in  a  dry  form, 
the  use  of  a  wet/dry  autoinjettor  app»'*s  absolutely  critical  to  the 
successful  fielding  of  this  oxime  as  a  nerve  agent  antidote. 
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No  in  vivo  studies  have  been  reported  that  document  the  wet/dry 
autoTnjector  concept  as  valid  for  an  emergency  antidote  approach  for  nerve 
agent  intoxication.  Substantial  differences  exist  between  the 
experimental  administration  of  previously  prepared  solutions  of  atropine 
plus  HI-6  given  by  syr-nge  and  the  proposed  administration  of  the  drugs 
using  a  **et/dry  autoinjector.  The  important  potential  problems  with  a 
wet/dry  autoinjector  delivery  include: 

•  Any  measurable  delay  in  the  administration  of  nerve  agent  antidote 
because  of  the  required  solubilization  time  for  HI-6  may  result  in 
therapeutic  failure.  Time  to  treatment  becomes  critical  once  signs  of 
nerve  agent  intoxication  are  manifested. 

•  An  atypical  dispersion  pattern  of  the  admixed  solution  in  tissue  may 
markedly  alter  the  absorption  of  the  antidote  components.  The  design  of 
the  autoinjectors  is  such  that  the  tissue  dispersion  pattern  of  the 
injected  material  cannot  be  simulated  in  the  laboratory  with  the  use  of 
syringes.  This  atypical  pattern  has  been  shown  to  alter  the 
pharmacokinetic  behavior  of  atropine  when  compared  to  conventional 
injection  methods. 

The  major  objective  of  this  task  is  to  compare  the  pharmacokinetics  of 
HI -6  and  atropine  when  deli  veiled  by  a  wet/dry  autoinjector  to  those  when 
atropine  and  H!-6  are  delivered  by  a  conventional  hypodermic  syringe.  A 
second  objective  is  to  determine  the  aging  rate  of  60  in  sheep 
erythrocytes  (R8Cs). 


Experimental  Cesiqn: 


A.  Test  System 


(1)  Animals  •  Sheep  are  used  for  this  study  because  of  previous 
studies  on  the  pharmacokinetics  of  atropine  and  HI-6  in  this 
species  and  because  of  similarities  with  man  in  body  weight. 

Protocols  of  all  experiments  using  animals  are  reviewed  and 
approved  by  Battelle's  Institutional  Animal  Care  and  Use  Committee 
(lACUC)  prior  to  initiation  of  the  study.  The  Program  Manager 
accepts  responsibility  for  the  proper  care  and  use  of  animals  in 
the  conduct  of  research  described  in  the  protocols. 


Sheep  are  serologically  Q-Fever  negative,  mature  wethers  obtained 
from  Thomas  0.  Morris,  Inc.  (Reistertown,  MO)  or  another  similar, 
approved  source  of  research  animals.  Sheep  are  shorn,  as 
necessary,  to  improve  their  comfort  in  an  indoor  environment. 


(2)  Weight  -  Initial  weight  of  sheep  will  be  60-80  kg. 
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(3)  Quarantine  -  Sheep  are  examined  by  a  veterinarian  upon  arrival. 
Blood  samples  are  drav«n  for  complete  blood  counts  and  fecal 
samples  are  obtained  for  parasite  infestation  evaluation.  Sheep 
are  held  in  isolation  and  observed  for  signs  of  clinical  illness 
for  at  least  7  days  prior  to  use  in  a  study. 

(4)  Selection  -  Animals  selected  after  quarantine  are  in  good  physical 
condition.  Sheep  are  weighed,  and,  based  on  weight,  randomly 
assigned  utilizing  a  program  (AMRANO)  written  at  Battel le  for  use 
on  persona'!  computers  that  assures  homogene' ty  across  groups. 

Eight  sheep  will  be  used  in  this  pharmacoltinetic  study. 

(3)  Animal  Identification  -  All  animals  are  tagged  in  the  ear  to 
retain  positive  identification  during  handling  and  observation. 

(6)  Housing  -  Sheep  are  group  housed  in  an  outdoor  fenced  area  with 
available  shelter.  Prior  to  experimentation,  they  are  brought 
into  the  laboratory  and  maintained  as  a  small  group  in  an  animal 
holding  room.  At  the  time  of  experimentation,  they  will  be  placed 
in  slings  to  which  they  have  been  acclimated. 

(7)  Lighting  -  Sheep  are  group  housed  in  an  outdoor  fenced  area  prior 
to  experimentation.  When  they  are  moved  into  experimental  areas, 
fluorescent  lighting  with  a  light/oark  cycle  of  12  hr  each  per  day 
is  used. 

(8)  Tetnperature  -  Maintained  at  70  *  10  degrees  F  in  indoor  areas. 

(9)  Humidity  -  Maintained  at  50  s  10  percent  in  indoor  areas. 

(10)  Diet  -  Sheep  are  fed  Purina  Rusilab  Chow  and  a  limited  amount  of 
hay.  If  necessary  to  maintain  or  increase  body  weight,  a  higher 
energy  feed  such  as  a  mixture  of  cracked  com,  alfalfa  pellets  and 
molasses  may  be  locally  procured  tnd  fed.  No  contaminants  that 
would  interfere  with  the  results  of  the  study  are  known  to  be 
present  in  the  feed. 

(11)  Water  Supply  -  Water  is  supplied  from  the  Battelle  West  Jefferson 
water  system  and  given  ad  libitum  during  quarantine  and  holding. 

No  contaminants  that  would  affect  the  results  of  the  study  are 
known  to  be  present  in  the  water.  Water  is  analyzed  for 
impurities  on  an  annual  basis. 

(12)  Battelle's  Animal  Resources  Facilities  have  been  registered  with 
the  U.S.  Department  of  Agriculture  (USOA)  as  a  Research  Facility 
(Number  31-21)  since  August  14,  1967,  and  are  periodically 
inspected  in  accordance  with  the  provisions  of  the  Federal  Animal 
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Welfare  Act.  In  addition,  animals  for  uie  in  research  are 
obtained  only  from  laboratory  animal  suopliers  duly  licensed  by 
the  USEA.  Battelle's  most  recent  statement  of  assurance  regarding 
the  Department  of  Healt.h  and  Human  Services  (OHHS)  policy  on 
humane  care  of  laborato'^  animals  was  accepted  by  the  Office  of 
Protection  from  Research  Risks,  National  Institutes  of  Health  on 
July  29,  1986.  Animals  at  Battel le  are  cared  for  in  accordance 
with  the  guiaelines  set  forth  in  the  "Guide  for  the  Care  and  Use 
of  Laboratory  Animals*  (OHHS  Publication  No.  (NIH)  85-23)  and/or 
in  the  regulations  and  standards  as  promulgated  by  the 
Agricultural  Research  Service,  USDA,  pursuant  to  the  Laboratory 
Animal  Welfare  Act  of  August  24,  1966  as  amended  (P.L.  89-544, 

P.L  91-579,  and  P.L.  99-198). 

(13)  On  January  31,  1978,  Battelle's  Columbus  operations  received  full 
accreditation  of  its  animal  care  programs  and  facilities  from  the 
American  Association  for  Accreditation  of  Laboratory  Animal  Care 
(AAALAC).  Battelle's  full  accreditation  status  has  been  renewed 
after  every  inspection  since  the  original  accreditation.  The  MREF 
is  a  part  of  tho  facilities  granted  full  accreditation. 

8.  Test  Material 

Traatsient  Compounds  -  Treatr;ent  compounds,  atropine  and  HI-6, 
contained  in  wet/dry  autoinjectors  as  well  as  additional  HI-6  and 
atropine  in  the  forms  present  in  autoin^ectors  are  provided  by 
USAMRICO.  Sufficient  numbers  cf  the  wet/dry  injection  system  from  the 
same  lot  are  provided  so  that  sheep  can  be  injected  to  perform 
pharmacokinetic  experiments. 

C.  Test  Groups 

Sheep  are  given  atropine/HI-6  IN  with  either  three  wet/dry 
autoinjectors  or  equivalent  aawunts  with  a  conventional  syringe. 
Dosages  delivered  by  syringe  will  be  in  the  same  formulation  as  in 
autoinjectors  and  quantities  of  atropine  and  HI-6  based  on  average 
autoinjectof  dose  as  determined  by  USAMRICO.  Concentrations  will  be 
specified  in  an  amendment  to  this  protocol  and  verified  by  HPLC 
analysis.  After  a  minimum  one  week  washout  period,  the  same  sheep  are 
injected  again  using  the  injection  technique  not  used  originally.  On 
each  day  of  experimentation,  an  equal  number  of  sheep  will  be  given 
HI-6  and  atropine  by  each  of  the  two  injection  techniques.  A  total  of 
eight  sheep  are  given  atropine/HI-6  with  both  injection  systems.  At 
times  after  injection  of  approximately  I,  2,  3,  4,  5,  6,  8,  12,  16, 

20,  40,  60,  80,  120,  130,  240,  300,  and  36C  min,  blood  samples  are 
taken  from  the  jugular  vein,  either  through  an  indwelling  catheter  or 
by  using  a  syringe  and  needle. 


i 


I 
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Sheep  will  be  observed  for  signs  of  atropinization,  including 
pupillary  size  and  response  to  light,  ambulation  when  removed  from 
slings,  and  changes  from  preinjection  heart  rate  at  approximately 
20  sin  after  injection. 

Blood  samples  are  analyzed  for  atropine  and  HI-6  concentrations.  HI-6 
concentrations  are  measured  by  Battel le  using  high  performance  liquid 
chromatography  (HPIC)  analyses  and  a  standard  HI-6  curve  prepared  from 
knov*n  concentrations.  Atropine  analyses  are  conducted  at  Battel le 
using  radioimraunoassay  techniques. 

When  atropine  and  HI-6  analyses  are  completed,  blood  concentrations  as 
a  function  of  time,  maxioua  concentrations,  times  to  maximum 
concentrations,  area  under  the  blood  concentration-time  curves, 
absorption  and  elimination  rate  constants,  and  volumes  of  distribution 
are  estimated.  Statistical  analyses,  as  described  in  Section  9,  are 
performed  to  determine  if  any  significant  differences  exist  between 
values  as  a  function  of  the  injection  system. 

0.  Study  Preparations 

Animals  are  held  in  a  pen  and  acclimated  to  a  sling  at  the  MREF  prior 
to  use.  Each  sheep  is  weighed  within  24  hr  of  intended  use. 

£.  Estimation  of  GO  Aging  Rata  in  S.heep  S3Cs 

Estimation  of  the  GO  aging  rate  in  sheep  erythrocytes  will  be 
accomplished  in  vitro.  Sheep  RBCs  will  be  incubated  with  a  dilution 
of  GO  for  various  lengths  of  time  and  the  ability  of  HI-6  to 
reactivate  jcetylchol inesterase  (AChE)  will  be  measured  using  an 
automated  analysis  as  described  in  HREF  S0P-S8-46.  RBCs  from 
approximately  10  sheep  will  be  analyzed  to  determine  varability  in 
aging  rate. 

9.  Statistical  Approach: 

Pharmacokinetic  parameters  measured  for  atropine/HI-6  administered  by  the 
wet/dry  autoinjector  system  are  compared  to  those  obtained  for 
atropine/HI-6  administered  by  syringe  to  determine  any  significant 
(P  <  O.OS)  differences.  Responses  will  be  ana'yzed  using  two-way 
crossover  design  analysis  of  variance  techniques  or  t-tests. 

iO.  Records  to  be  Maintained; 


A.  Analyses  of  atropine  and  HI-6  in  injection  systems 
3.  Analyses  of  atropine  and  Hl-6  in  blood 
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C.  E^tperimental  parameters,  test  conditions,  and  observations  for  signs 
of  atropinjalion 

0.  Parameters  and  results  of  GO  aging  experiments 

11.  Reports: 

A  draft  final  report  oill  be  prepared  and  submitted  for  review  to  the 
USAMROC  COR  within  £0  working  days  after  receipt  of  all  analytical 
results.  It  will  include  the  following: 

A.  Experimental  design 

8.  Animal  supplier 

C.  Pharmacokinetic  and  statistical  methodolngy 
0.  Discussion  of  results. 

■A  final  report  that  addresses  the  review  corneents  of  USAMROC  will  be 
prepared  and  submitted  within  30  working  days  of  receipt  of  comments. 

12 .  Approval  Signatures : 


study 


V. 

Olson,  O.V.M. , 
Director 


■por 


f  r  W  W  J  «  U  *  I  I  , 

Program  Manager 


Peter’t.  6.V.M. 

Study  Veterinarian 


^*^14  M 

Ronald  G.  Menton,  PhTG^ 
Statistician 


Zo  AJvO  n 

Date 


bate 


bate 


Drill  12, 


bate 
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Comparison  of  the  Pharaacckinetics  of  HI-6  and  Atropine  as 
Delivered  by  a  Wet/Ory  Autoinjector  or  by  Syringe 

Protocol  Aicendment  No.  1 

Change:  Page  4,  Section  3.C. 

Concentration  of  atropine  free  base  will  be  approximately  0.59  mg/mL 
and  concentration  of  Hi-6  will  be  approxi^iately  145.94  og/mL  in  a 
total  volume  of  apprcxioately  3.15  oL. 

Reason:  U.3.  Anry  Institute  of  Chaaical  Defense  has  analyzed  Astra  Wet/Ory 
autoinjector  contents  and  reported  a  volume  delivered  of  3.15  mL 
(t  0.11)  with  1.86  mg  (i  0.07)  atropine  free  base  and  459.7  mg 
(i  9.86}  HI-6. 

Impact  on  Study:  There  is  no  impact  of  this  aaKndment  on  the  study.  The 

protocol  stated  that  concentrations  of  these  compounds  for 
use  in  the  study  would  be  specified  in  an  aawndsent. 
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Comparison  of  the  Phannacokinetics  of  HI-6  and  Atropine  as  Oeliversd  by  a 
Wet/Dry  Autoinjector  or  by  Syringe 

Protocol  Aoendnient  Ho.  2 
Change:  Page  4,  Section  8. A. (3). 

Tetnperature  will  be  maintained  at  65  t  15  F  in  indoor  areas. 
Reason:  Change  is  made  to  be  consistent  with  MR£F  SOP  C-08-4,  April  1989. 
impact  on  Study:  None. 

Change:  Page  4,  Section  8. A. (9). 

Relative  huaidity  will  be  maintained  at  50  x  20  percent  in  indoor 

areas. 

Reason:  Change  is  made  to  be  consistent  with  HREF  SOP  C-03-4,  April  1989. 
Impact  or.  Study:  None. 
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Comparison  of  the  Pharmacokinetics  of  HI-5  and  Atropine 
as  Oeiivered  by  a  Wet/Dry  Autoinjector  or  by  Syringe 


Protocol  Amendment  No.  3 
Change:  Page  5,  Section  3.0. 

"Each  Sheep  is  weighed  within  24  hr  of  intended  use.*  is  replaced 
with  "Sheep  will  be  randoaized  for  treataent  such  that  body  weight 
will  not  bias  the  data." 


Reason:  Weigning  sheep  iawediately  prior  to  each  study  is  unnecessary  since 
each  ammal  will  be  given  both  treataents  in  a  cross-over  design. 
Injections  will  he  given  in  a  random  fashion  as  designed  by  a 
statistician  in  order  to  oreclude  effects  of  day  of  injection  on 
phaimiacokinetic  parametort. 

laipact  on  Study:  None. 


rirrynTfroti,  j'.v.h.”  ph.c"" 

Study  Director 
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Cocparison  of  the  Pharmacokinetics  of  HI-6  and  Atropine 
as  Delivered  by  a  Wet/Dry  Autoinjector  or  by  Syringe 


Deviation:  This  protocol  specifies  sheep  will  be  held  in  rooms  with  a 
temperature  range  of  50-80  F  and  a  relative  humidity  of 
30-70  percent.  Conditions  in  animal  rooms  are  recorded  twice 
daily  using  a  hand-held  combination  thermometer/hygrometer  to 
obtain  temperature  and  relative  humidity  readings.  The  relative 
humidity  recorded  in  rooms  in  which  sheep  were  held  during  the 
pharmacokinetics  phase  of  the  experiment  ranged  as  high  as 
31  percent.  Ccursions  above  the  relative  humidity  range 
specified  in  the  protocol  were  reported  to  a  maintenance  engineer 
and  adjustments  of  humidi stats  made. 


Impact  on  Study:  Temperature  and  relative  humidity  ranges  reconnended  for 

sheep  are  not  specified  by  the  National  Institutes  of  Health 
in  their  Guide  for  the  Care  and  Use  of  Laboratory  Animals 
(NIH  Publication  No.  86-23,  Revised  1985).  The  short-lived 
excursions  outside  relative  humidity  specifications  stated 
in  the  protocol  should  have  no  impact  on  the  validity  of  the 
study. 


Study  Oi rector 


'6.V.H.,  Ph.O. 


lo~t6 

Date 


4/ 

Ctf  Don  W.  Kdrte,  Jrc<4ir5 


USAMRICO  COR 
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Comparison  of  the  Pharmacokinetics  of  l!I-6  and  Atropine 
as  Delivered  by  a  Wet/Ory  Autoinjector  or  by  Syringe 


Deviation:  Protocol  Amendement  No.  1  specified  concentrations  of  atropine  and 
HI-6  in  solution  to  deliver  desired  doses  to  sheep  in 
pharmacokinetic  studies.  ®rior  to  the  start  of  pharmacokinetic 
studies,  an  error  in  the  •ifomation  was  detected.  The  atropine 
dose  of  1.36  mg  is  an  atrop’ne  sulfate  equivalent  dose  rather  than 
an  atropine  free  base  dose.  The  460  mg  dose  of  HI-6  is  correct, 
but  the  volume  of  injection  should  be  3.05  rather  than  3.15  mL. 


impact  on  Study:  Because  changes  were  made  prior  to  the  start  of  the 

pharmacokinetic  study,  the  solutions  prepared  should  mimic 
the  doses  delivered  by  wet/dry  autoinjectors  and  allow  for 
direct  comparison  Cff  the  different  injection  techniques. 
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I/II.  SCOPE/PURPOSE: 

"he  purpose  of  this  Standard  Operating  Procedure  (SOP)  is  to  describe  a 
iiadioinwunoassay  method  employed  in  the  determiination  of  serum  atropine 
sulfate  concentrations. 


III.  REFERENCES; 

1.  ‘.‘vrzburqer,  R.  J.,  Killer,  R.  L. ,' Boxenbaum,  H.  G..  and  S.  Spector, 
1977.  Radioimmunoassay  of  Atropine  In  Plasma.  J  Pharmacol  Exp 
Th.rap  203:  435. 

2.  Kradjan,  W.  A..  Smallridge,  R.  C.,  Davis,  R.,  and  P.  Verma.  1985. 
Atropine  Serum  Concentrations  Af^'er  Multiple  Inhaled  Doses  of 
Atropine  Sulfate.  Clin  Pharmacol  Therap  38:  12. 


IV.  DEFINITIONS:  Hone 


V.  PROCEDURES: 

Preliminary  Tasks 

A.  Preparation  of  Phosphate  Buffered  Saline  (PBS),  pH  7.5 

1.  Combine  the  following  components  to  prepare  I  liter  P3S  (10  sM 
HajHPC^.  ISO  mW  Had),  pH  7.5: 

\ 

\  Na,HP04  1.420  oraas 

\  NaCl  ,  8.766  grams 

\  distilleiTwater  980.0  ■! 

2.  Adjust  the  pH  to  7.5  with  0.1  N  HCl.  Bring  the  volume  to 
1000  ml  with  distilled  water. 

3.  Store  PBS  at  1-9*C.  The  PBS  is  stable  for  a  period  of  one 
month  from  the  date  of  preparation. 

8.  Preparation  of  Saturated  Aimoonium  Sulfate 

1.  Combine  the  following  reagents  to  prepare  500  ml  saturated 

arnmonium  sulfate: 

(NHjj^SO,  257.6  grams 

distilled  water  500.0  ml 
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2.  Do  not  adjust  pH.  Store  at  l-9*C.  This  reagent  is  stable  for 
a  period  of  one  month  from  date  of  preparation.  Prepare  at 
least  24  hours  prior  to  use. 

C-  Preparation  of  50  percent  Saturated  Aniaoniuffl  Sulfate 

1.  Combined  the  following  reagents  to  prepare  500  ml  of  50  percent 
saturated  ammonium  sulfate: 

(NHJ^SO,  123.3  grams 

distilled  water  500.0  si 

2.  Oo  not  adjust  pH.  'Store  at  1-9*C.  This  reagent  is  stable  for 
a  period  of  one  month  from  the  date  of  preparatiotf .  Prepare  at 
least  24  hours  prior  to  use. 

0.  Preparation  of  ^H-Atropine  Stocic  Solution 

1.  *H-Atropine  is  prtpareu  in  P8S,  pH  7.5  at  a  concentration  of 
approximately  4000  CPM/20  /si.  This  material  is  aliquoted  and 
stored  at  -70  (s  S)*C.  The  labeled  at-"cpine  is  stable  for  a 
period  of  one  year. 

2.  Thaw  a  fresh  aliquot  daily.  Dispose  of  the  leftover  material 
at  the  conclusion  .of  the  experiment  according  to  Sattslle  SO? 
tor  disposal  of  radioactive  materials. 

E-  Preparation  of  Primary  Atmpine  Stoc.'t  Solution 

1.  Prepare  a  1.0  ag/ral  solution  of  atropine  sulfate  in  PBS, 
pH  7.5.  Weigh  a  minimum  of  10.0  mg  at.'opine  sulfate.  Mix 
thoroughly  and  aliquot.  Store  at  -70  {.<  5)*C.  The  material  is 
stable  for  a  period  of  one  year  from  tht  date  of  preparaticn. 

F.  Preparation  of  Rabbit  Anti-Atropine  Antisera  Stocic 

1.  The  correct  concentration  of  rabbit  anti -atropine  antisera  -ill 
be  detennned  in  preliminary  testing.  The  stock  antisera  is 
stored  as  30  /il  aliquots  at  -70  (x  5)*C.  Dilute  the  antisera 
to  the  proper  concentration  in  PBS,  pH  7.5.  Prepare  the 
diluted  antibody  fresh  daily.  Leftover  material  way  be  frersn 
and  used  for  repeat  analyses  performed  within  a  period  of  five 
days.  Thereafter,  dispose  of  the  diluted  material. 

G.  Normal  Serum 

1.  A  stock  of  normal  serum  obtained  from  the  same  species  as  that 
of  the  serum  samples  being  analyzed  will  be  aliquoted  and 
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stored  at  -70  (s  5)*C.  The  frozen  stock  is  stable  for  a  period 
of  one  year. 

2.  Aliquot(s)  of  ncrmal  serum  are  thawed  freshly  on  the  assay  day. 
The  serum  is  used  undiluted  in  the  assay.  Unused  material  may 
be  frozen  and  used  on  a  subsequent  test  day. 

H.  Test  Samples 

1.  Test  samples  are  stored  at  -  70  (t  5)*C. 

RIA  Set  Up  (Day  1) 

1.  Prepare  atropine  sulfate  Stocks  A  and  B  fresh  daily  from  a 
freshly  thawed  aliquot  of  the  Primary  Atropine  Stock  solution 
as  follows: 

a)  Combine  10  ul  Primary  Atropine  Stock  +  9S0  ;il  PBS 
(Dilution  a) 

b)  Combine  10  jul  Dilution  a  *  990  ;i1  PBS  (Dilution  b) 

c)  Combine  2SO  Dilution  b  750  n\  PBS  (Stock  A) 

d)  Combine  10  ^il-Di lution  b  *■  990  PBS  (Stock  B) 

\ 

2.  Dispose  of  the  leftover  Primary  Atropine  Stock  as  well  as 
leftover  atropine  Stocks  A  and  8  and  Dilutions  a  and  b  at  the 
conclusion  of  the  RIA  set  up. 

3.  Prepare  Stock  C  by  combining  1.0  ml  Stock  A  with  l.S  ml  cf 
normal  serum  derived  from  the  same  species  as  the  sera  under 
analyses.  The  volumes  may  be  modified  proportionately  in  order 
to  produce  the  correct  volumes  for  larger  or  smaller 
experiments.  Dispose  of  the  unused  material  at  the  end  of  the 
day. 

4.  Prepare  Stock  0  by  combining  200  ^1  Stock  A  with  2.3  ml  rcrmal 
sera  derived  from  the  same  species  as  the  sera  under  analvses. 
The  volumes  may  be  modified  proportionately  in  order  to  pr^are 
the  correct  volumes  for  larger  or  smaller  experiments.  Dispose 

^  of  the  unused  material  at  the  end  of  the  test  day. 

;  As.  The  RIA  procedure  is  set  up  as  described  on  the  attached  rzra 
\  entitled  "Atropine  Sulfate  Radioimmunoassay  Tube  Setup". 

Reagents  are  aliquoted  to  12  x  75  mm  polystyrene  RIA  tubes  in 
order  from  left  to  right  as  indicated  in  this  form. 

/ 

6.  Upon  adding  all  reagents,  vortex  each  tube  5-10  seconds. 

Ai  Incubate  the  tubes  20  (s  1)  hours  at  1-9*C. 
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8.  Prepare  the  total  counts  control  by  adding  20  ^1  ’H-atropine  to 
each  of  tv^J  20  ml  scintillation  vials.  Add  10.0  ml  Hydrofluor 
and  1.0  ml  distilled  water  to  each  vial  and  mix. 


Completion  of  RIA  (Day  2) 


1.  Add  0.5  ml  100  percent  saturated  ammoniuffl  sulfate  tij  each  RIA 
tube.  Vortex  for  5-10  seconds.  Incubate  for  30  minutes  at 
1-9*C.  Centrifuge  at  aoproximately  2800  RPM  (1550  x  g)  for 
30  minutes  at  roca  temperature  (RT).  Carefully  aspirate  the 
supemate  with  a  pasteur  pipet  and  transfer  the  liquid  to  a 
container  for  radioactive  liquid  waste. 

2.  Add  1.0  ml  so  percent  saturated  ammonium  sulfate  to  each  tube. 
Vortex  for  3-10  seconds.  Centrifuge  at  approximately  2800  RPH 
(1550  X  g)  for  30  minutes  at  RT.  Aspirate  the  supemate  with  a 
pasteur  pioet  and  transfer  to  a  container  for  radioactive 
liquid  waste. 

3.  Add  1.0  ml  distilled  water  to  each  tube  to  dissolve  the  pellet. 
Vortex  for  5-10  seconds. 


Transfer  the  contents  of  each  RIA  tube  to  a  separate 
scintillation  vial  by  carefully  pouring.  Rinse  the  RIA  tubes 
with  2.0  ml  Hydrofluor  and  transfer  the  fluid  to  the  respective 
vial. 


5.  Add  3.0  a1  Hydrofluor  to  each  scintillation  »ial  and  mix. 

6.  Count  the  vials  for  10  minutes  or  to  a  preset  error  of 
2.0  percent  on  a  liquid  scintillation  counter. 

Data  Analysis 

'  1.  Data  analysis  is  performed  using  RiaCalc  DM,  Version  2.65 
(Pharmacia  Wallac).  Data  is  reported  as  ng/ral. 


1 


VI.  QUALin  CONTROL 

1.  All  equipment  and  instruments  will  be  operated,  calibrated,  and 
maintained  according  to  their  respective  SOPs. 

2.  The  study  director  or  his  designee  will  review  all  raw  data, 
completed  data  forms  and  other  pertinent  study  records. 
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3.  The  form  entitled  “Atropine  Sulfate  Radioimmunoassay  Tube  Setup” 
details  the  contents  of  each  standard,  control,  and  sample  tuba  and 
Mill  be  employed  daily  during  assay  set  up  to  insure  correct 
distribution  of  reagents. 

4.  The  form  entitled  “Record  For  Instruments,  Equipment,  Reagents  Used 
For  Radioimmunoassay*  will  be  used  to  document  all  reagents  and 
equipment  used  in  an  assay. 

5.  The  form  entitled  “Atropine  Sulfate  RIA  Run  List*  will  be  utilized 
to  record  the  identification  and  assay  sequence  for  controls  and 
samples  for  an  assay. 

6.  Preparation  of  buffers  and  ether  reagents  will  be  recorded  on  the 
attached  form  entitled  “Buffer/Reagent  Preparation*. 

7.  A  series  of  low,  medium,  and  high  controls  are  included  in  each 
experiment  to  assess  the  quality  of  each  experiment.  Control  data 
will  be  tabulated  for  each  run  and  will  be  reviewed  by  the  study 
director. 

8.  Additional  control  parameters  such  as  R/T,  B/T,  the  slope  and 
intercept  of  the  regression  curve  and  other  parameters  are  computed 
by  RiaCalc  OH.  These  will  be  tabulated  for  each  experiment  and 
reviewed  by  the  study  director. 
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BUfFER/REAGEUT  PREPARATION 


Study: 

Project: _ Date: 

Buffer/Reaqent: 


Buffer  Storage  Conditions: _  Buffer  £;tpir.  0ate:_ _ 

Constituents: 

Receipt  Expiration  Amount 

Reaaent_ Supplier_ Lot  Date_ Date  Used 


Balance:  Description: 

BCD  ID;  Location: 

Standard  Weights:  BCD  ID: 

Pet enai nation  No.  Actual  Wt.  Ht.  Read 

1  _  _ 

2  _  _ 

3  '  .  _  _ 

4  _  _ 

pH  Adjustaent  (Reagent  and  Volume): _ _ _ _ 

pH  Meter:  BCD  ID:  Final  pH: 

_ I 

I 

Comsents: 


Prepared  By 


Date 


r  1 
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STANOARO  OPERATING  PROCEOURE 
HREF  SOP-83-31 


TITLE:  Measurement  of  Chefflical  Surety  Materiel  in  Dilute  Solutions  of  GA, 
G3,  GO,  TOD,  hO-L,  H0~7X  anJ  VX _ _ _ _ 

LASORATORY:  MREF  SOP  APPROVAL  DATE:  Febniary  28,  1990 

PLACE  OF  OPERATION  OR  TEST:  Samples  throughout  HREF;  Analyse?  in  Roora  17  or 

Room  37  _ 


This  Standard  Operating  Procedure  (SOP)  has  been  prepared  as  prescribed  by 
Contract  0AM017-89-C-9050  and  will  be  effective  for  one  year  from  date  of 
approval  unless  sooner  rescinded  or  superseded. 


No  deviation  from  this  SOP  will  be  permitted.  Whenever  the  approved  method  is 
changed,  the  SOP  will  be  revised. 

Supervisory  personnel  will  assure  that  all  personnel  involved  with  this  SOP 
have  been  properly  trained  and  instructed  in  its  provisions  and  attest  to  this 
requirement  by  affixing  their  signatures  on  page  3. 


A  copy  of  this  SOP  will  be  posted  at  the  Medical  Research  and  Evaluation 
Facility  (MREF)  job  site  at  all  times. 


Submitted  By: 


^  <6!gnature/Dita 


Approved  By: 


Approved  By: 


Timothy  L.  Haves,  Principal  Research  Scientist 
Printed  Name/Title 


David  L.  Stitcher,  CIH,  Safety/Suretv  Officer 
f*rinted  Name/title 
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Charles  K.  Burdick,  Oi recto.' 

Total  Quality  Program 
Health  and  Environmental  Group 
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STANDARD  OPERATING  PROCEDURE  83-31 

Measurement  of  Chemical  Surety  Material  in  Dilute  Solutions 
of  GA.  G3.  GO.  TGO,  HD-L.  HO.  L,  and  VX 


A.  Statement  of  Work:  This  SOP  describes  analytical  methods  for  the  analyses 
of  dilute  solutions  of  chemical  surety  materiel  (CSM)  to  include  dose 
confirmation  samples  and  dosing  stock  solutions  generated  at  the  MREF. 
These  measurements  are  performed  by  comparing  the  analytical  results  of 
exempt  chemical  surety  materiel  (XCSH)  samples  to  analytical  standards 
prepared  of  the  same  CSM.  The  analytical  standards  are  prepared  and 
referenced  to  Standard  Analytical  Reference  Material  (SARH)  according  to 
HREF  S0P-8a-30. 

The  determination  of  CSM  concentration  in  the  diluted  samples  is  performed 
on  a  regular  basis  at  the  MREF.  The  analysis  must  be  performed  prior  to 
the  expiration  date  established  for  the  particular  CSM/solvent 
combination  under  the  storage  conditions  described  herein.  For  most 
program  situations,  this  has  been  determined  to  be  approximately  2  weeks 
after  sample  preparation. 

3-  Resoonsibi ! i ty: 

Personnel  Qualifications;  Technical  staff  will  be  current  with  the 
requjrsfflcnts  of  the  MR^  and  all  applicable  MREF  SOPs.  All  technical 
staff  will  be  familiar  with  handling  hazardous  materials  within  the 
HREF  laboratory.  The  technical  staff  must  have  a  fitted  SurvivAir 
respirator  in  accordance  with  FSSP  SOP-MREF-9.  In  addition,  must  know 
the  location  of  the  nerve  agent  kit,  mechanical  resuscitator,  eye  wash 
fountain,  and  deluge  shower  as  well  as  how  to  use  them.  They  must 
maintain  either  visual  or  audible  contact  with  each  other  in  order  to 
detect  unauthorized  actions  or  be  ready  to  rescue  or  render  first  aid 
to  the  other  in  the  event  of  an  accident.  Personnel  working  with 
solutions  of  CSM  that  do  not  exceed  XCSM  criteria  must  read  and  sign 
this  SOP. 

2.  Leaders;  Leaders  of  each  operation  will  be  designated  by  the  Study 
Director  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  8.1  are  allowed  in  the  room  during  XCSM  operations. 

b.  XCSM  control  and  accountability  are  maintained. 
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c.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

d.  All  leader  and  technical  staff  responsibilities  specified  in  the 
MREF  FSSP  are  followed. 

e.  Each  employee  has  been  trained  in  the  techniques  of  administering 
first  aid  and  self  aid. 

f.  Work  under  this  SOP  is  performed  only  in  the  area(s)  or  roora(s) 
designated  by  this  SOP. 

g.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

h.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 

i.  Decontamination  solutions  are  present  prior  to  handling  XCSM. 

j.  All  quantities  of  XCSM  that  leave  the  hood  or  room  are  properly 
contained  and  labeled. 

k.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff;  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  aifd  fellow  workers  from  injury  and  to  prevent 
damage  to  material,  equipment,  and  facilities.  They  mast  not  perform 
XCSM  operations  without  the  presence  of  a  qualified  second  person. 

4.  Research  Q^anization:  The  organization  involved  in  this  research  is 
the  MREF  of  Battel le  Memorial  Institute,  505  King  Avenue,  Columbus, 

Ohio  43201-2693. 

C.  Materials  to  be  Used: 

1.  XCSM;  XCSM  is  also  referred  to  as  research,  development,  test,  and 
evaTuat  on  (ROTE)  dilute  solutions  of  CSM.  The  XCSM  solutions  that 
can  be  i sed  following  this  SOP  are  those  prepared  from  the  following 
CSM. 

a.  Tabun  (CAS  77-31-6):  GA,  ethyl  H,N- 
dimethy Iphosphoramidocyanidate. 
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b.  Sarin  (CAS  107-44-3  or  50642-23-4);  GS,  isopropyl 
methy Iphosphonofluoridate. 

c.  Soman  (CAS  96-64-0  or  50642-24-5):  GO,  pinacolyl 
methy Iphosphonofluoridate. 

d.  VX  (CAS  50732-69-9  or  51848-47-6  or  53800-40-1  or  70938-84-0): 

VX,  Q-ethyl  S-(2-di isopropy1aminoethyl)methylphosphonothio1ate. 

e.  Mustard  (CAS  505-60-2  or  39472-40-7  or  68157-62-0):  HO, 
bis-dichloroethyl  sulfide. 

f.  Mustard-Lewisite  Mixture:  HL,  a  mixture  of  bis-dichloroethyl 
sulfide  and  dich1oro(2-chlQrovinyl)arsine. 

g.  Lewisite  (CAS  541-25-3):  L,  dichloro(2-chloroviny1)arsine. 

2.  Solvents  and  Chemicals:  Hexane,  acetonitrile,  or  appropriate  solvent. 
Quality  of  solvent  recommended  is  spectrometric  grade,  distilled  in 
glass. 

3.  Decontamination  Materials:  Sodium  hypochlorite  (5  percent  solution) 
for  XHO,  XL,  XHOL,  and  XVX.  Sodium  hydroxide  (10  percent  solution) 
for  G  agents. 

Safety  equipped  cart,  freezer  pocked),  refrigerator  (locked), 
Tatex  gloves,  labels,  first  aid  kit,  plastic-backed,  absorbent  paper, 
brown  paper,  4-L  beakers,  squirt  bottles,  wiping  tissues,  beakers, 
bottles,  maxi-vials,  pipettes,  pipette  bulbs,  tissue  paper,  laboratory 
coat,  safety  shoes,  protective  eyewear,  spatula,  stainless-steel  pans, 
bubbler  monitors,  scissors,  solid  sorbent  traps,  glass  stir  rods, 
syringes,  needles,  forceps,  GC  vials,  drierite,  20-mL  scintillation  vials, 
an  air-supplied  respirator  with  air  cylinder,  lO-mL  volumetric  flasks,  and 
a  vial  support  block. 

E.  Hazards  Involved: 

1.  Antichol  inesterase:  The  hazard  from  XVX  is  primarily  that  of  liquid 
injection,  ingestion,  or  absorption  through  the  skin  or  eyes.  XVX  can 
be  lethal  if  generated  in  a  vapor  form  in  confined  or  poorly 
ventilated  spaces.  Although  liquid  spills  of  XVX  do  not  present  a 
vapor  hazard,  this  material  is  very  slow  to  evaporate  so  that 
virtually  the  entire  spill  (minus  the  solvent)  may  persist  as  a  liquid 
contact  hazard  for  several  days. 

a.  Mechanism  of  Action  and  Physiological  Effects:  These  XCSM  cause 
inhibition  of  cholinesterase  enzyme  in  the  body.  Repeated  low 
level  exposures  to  these  XCSM  will  have  cumulative  effects  on 
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cholinesterase  inhibition.  Blood  cholinesterase  is  regenerated 
slovdy  and  the  inhibition  effect  will  last  several  weeks- 
Clinical  signs  and  symptoms  may  suddenly  occur  following  repeated 
exposures,  but  is  unpredictable  in  time  of  onset  and  severity. 

Casualty  Producing  Routes  of  Entry:  Inadvertent  skin  contact  with 
these  XCSH  is  the  most  common  cause  of  laboratory 
accidents/incidents.  The  XCSM  absorption  rate  will  likely  be 
accelerated  through  unprotected  cuts  and  abrasions. 

Signs  and  Symptoms:  The  first  indication  of  exposure  of 
anticholinesterase  XCSH  to  the  skin  is  likely  to  be  a  reaction  at 
the  point  of  exposure,  i.e.,  localized  sweating  and/or  twitching. 
If  exposed  to  vapor  from  some  type  of  vapor  generating  system, 
pinpointed  pupils  (miosis),  muscular  tightness  in  the  chest, 
and/or  a  runny  nose  will  likely  be  the  first  symptoms.  For  other 
than  these  extreme  exposures,  no  symptoms  are  likely  to  be 
exhibited.  However,  under  these  extreme  conditions  if  the 
exposure  is  sufficient,  symptoms  may  progress  beyond  the  local 
reaction  to  produce  systemic  poisoning.  The  following  signs  and 
symptoms  are  typical  of  systemic  poisoning;  the  number  and 
severity  of  which  will  depend  upon  degree  of  exposure; 

(1)  Nausea--possible  vomiting. 

(2)  Diarrhea. 

(3)  Weakness. 

(4)  Muscle  twitching. 

(5)  Convulsions. 

(6)  Central  nervous  system  depression. 

(7)  Coma. 

(8)  Cessation  of  breathing. 

Exposure  Factors;  Onset  of  signs  and  symptom;  from  a  percutaneous 
exposure  may  be  delayed  by  the  adsonJtion  time.  Onset  after  a 
vapor  inhalation  exposure  may  be  quite  rapid,  and  death  may  occur 
within  10  min.  Vapor  exposure  to  the  eyes  results  in  immediate 
miosis  at  very  low  concentrations. 

2.  Solvents;  The  solvents  used  in  preparing  the  dilute  material  may  have 
hazards  associated  with  their  use.  A  copy  of  the  Material  Safety  Data 
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Sheet  (MSDS)  is  available  in  tlie  administrative  area  of  the  MREF  or 
through  3attelle's  Safety  Office,  505  King  Ave. 

a.  Hexane:  Hexane  is  a  flanrnaole  liquid  that  must  be  handled  and 
stored  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  hexane  is  -22.7  C.  with  an  autoignition  temperature  of  260  C. 
The  1983-1989  American  Conference  of  Governmental  Industrial 
Hygienists  (ACGIH)  Threshold  Limit  Values  (TLV)  for  n-hexane  is 

50  part:  per  million  (ppm)  as  an  8-hr  time  weighted  average  (TWA). 
For  the  other  hexane  isomers,  the  TLV  is  500  ppm  as  an  8-hr  TWA 
and  1,000  ppm  as  a  15-min  Short  Term  Exposure  Limit  (STEL). 

b.  Acetonitrile:  Acetonitrile  is  a  flammable  liquid  that  must  be 
handled  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  acetonitrile  is  5.56  C.  The  1988-1969  ACGIH  TLV  for 
acetonitrile  is  40  pom  as  an  8-hr  TWA  and  60  ppm  as  a  15-min  STEL. 
Also,  skin  contact  may  represent  a  significant  route  of  exposure. 

3.  Decontamination  solutions  can  cause  chemical  bums  if  sodium  hydroxide 
or  sodium  hypocholride  is  left  in  contact  with  skin  or  eyes. 

4.  Gloves  and  aprons  made  of  butyl  rubber  are  flammable  and  have  no 
self-extinguishing  capability;  therefore,  care  must  be  taken  to  avoid 
open  flame  or  heat  that  may  ignite  them. 

^ •  Safety  Requirements : 

1.  Hoeds:  Hcod  face  velocity  must  average  lOO  L  10  Ifpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  In  addition,  no  individual 
reading  will  vary  more  than  20  percent  from  the  average.  No  equipment 
will  be  within  20  cm  of  the  face  of  the  hood. 

2.  P^tective  Equipment:  When  working  with  XCSH  samples,  the  following 
clothing  and  protective  gear  are  required  as  a  minimum  for  all 
personnel . 

lab  coat 
safety  shoes 

two  pairs  of  latex  gloves 
protective  eyewear 

In  addition,  each  worker's  individually  assigned  Survfvair  combination 
escape/airline-supplied  respirator  will  be  readily  available.  All 
provisions  of  the  MREF  FSSh  apply  to  the  checking  and  testing  of 
gloves,  aprons,  respirators,  and  other  protective  equipment. 
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3.  First  Aid:  A  first-aid  kit  containing  two  squirt  bottles,  one  filled 
with  a  3  percent  available  chlorine  sodium  hypochlorite  solution  and 
one  filled  with  water  (labeled,  dated,  and  the  contents  changed  every 
month),  and  gauze  pads  will  be  located  in  the  room.  The  location  of 
the  nearest  eye-wash  fountain,  deluge  shower,  and  fire  extinguisher 
will  be  known  to  all  workers  before  work  begins. 

G.  Procedures: 

1.  Entry:  Before  entering  the  secured  facility,  note  the  status  of  the 
"Agent-in-Use"'  light  at  the  turnstile.  If  the  *Agent-in-llse"  lights 
are  turned  on,  note  the  room  location  and  be  sure  that  upon  entry  to 
the  laboratory  area  that  all  safety  equipment  and  procedures  described 
in  FSSP  SOP  MKEF-18  are  in  place.  Upon  entry  of  the  room,  confirm 
that  there  are  no  audible  alarms.  No  operations  can  be  initiated  in  a 
room  with  audible  alarms.  After  entry,  personnel  will  observe  the 
aiagnehelic  gauge  on  the  hood.  If  inspection  reveals  that  the  hood  has 
failed,  is  marginal  in  flow,  or  operates  outside  the  guidelines  of 
FSSP  SOP  MREF-21,  the  problem  is  reported  to  the  MREF  Manager  and  the 
operation  does  not  begin. 

2.  Hood  Set  Up:  Prior  to  obtaining  XCSM,  the  operation  hood  area  must  be 
prepared  with  all  materials  necessary  to  perform  an  XCSM  operation. 

The  hood(s)  to  be  used  for  any  operation  with  XCSM  will  contain,  as  a 
miniroua,  the  appropriate  decontaminating  solutions,  waste  containers, 
forceps,  plasnc-backed  paper,  absorbent  tissues,  primary  container 
holder,  and  XCSM  transfer  equipment.  All  of  the  above  materials  will 
be  kept  behind  the  S-inch  line  in  the  hood. 

Plastic-backed,  absorbent  paper  oust  be  used  to  protect  the  work 
surface  of  the  hood.  Five  layers  of  brown  paper  will  be  placed  on  top 
of  the  absorbent  paper.  Two  4-L  beakers  containing  a  minimum  of  2  L 
of  decontaminating  solution  will  be  placed  within  the  hood. 

A  vial  support  block  of  sufficient  size  to  contain  all  primary  XCSM 
maxi-vials  to  be  used  will  be  positioned  within  the  hood  work  area. 

3.  Handling  of  XCSM;  The  handling  of  XCSM  is  conducted  in  accordance 
with  MREr  S£)P-83-5.  The  procedures  used  within  this  SOP  are  described 
in  MREF  SOP-83-5  and  shall  include  the  1'  'ling  (Section  G.3), 
obtaining  (Section  G.4),  equilibration  (jeution  G.5),  transfer 
(Section  G.6),  dilution  (Section  G.7),  c  ^n>port  (Section  G.8), 
packaging  (Section  G.9),  transfer  for  use  within  the  HREF  (Section 
G.IO),  and  securing  of  XCSM  (Section  h). 


4. 


Identification  of  CSH:  All  XCSM  samples  generated  must  be  clearly 
identified  with  the  following  information  being  regarded  as  the 
minimum  requirements. 
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a.  Type  of  XC5M  contained  in  the  sample. 

b.  Solvent  used  for  CSH  dilution. 

c.  Sample  preparation  date. 


d.  Sample  identification  number  (e.g.,  dose  confirmation 
accountability  record  book  number,  page  number,  and  sample  number 
and  their  identifiers  as  necessary,  50003-03"02  Samp.  Al). 

e.  Estimated  analyte  concentration  based  on  measured  agent  purity  and 
dilution  procedure. 

f.  Project  or  task  nutaber  under  which  the  sample  was  prepared. 


5. 


Sample  Preparation  and  Storage:  Preparation  of  samples  must  be 
performed  using  volumetric  glassware,  pipettes,  and/or  nicrosyringes 
as  required  to  achieve  a  resulting  concentration  below  agent  surety 
levels  (1.0  mg/isL  for  VX,  2.0  aq/mL  for  GA,  GB  and  GO,  and  10.0  mg/mL 
for  HO).  Preparation  and  handling  of  dilute  samples  is  performed  in 
accordance  with  the  operational  dosing  protocol  and/or  HREF  SOP-83-3. 
An  example  of  the  calculations  to  determine  XCSM  concentration  of 


samples  prepared  in  accordance  with  HREF  SCP-83-3  is  provided  below. 


Example  Calculations: 

a.  To  detencine  appropriate  dilution  procedure,  consider  the  required 
volume  of  CSM  to  be  delivered  and  the  final  volume  of  the  diluent 
necessary  to  achieve  a  resulting  expected  concentration  not 
greater  than  the  permissable  XCSM  concentration,  see  Section  G.4. 
For  example,  if  10  jtL  of  neat  VX  is  dosed,  confirmation  of  dosing 
accuracy  and  syringe  precision  and  accuracy  would  require 
delivering  the  same  volume  of  agent  into  appropriate  volumetric 
glassware.  To  determine  the  appropriate  dilution  volume,  multiply 
the  volume  of  the  CSH  to  be  delivered,  in  >tL,  by  the  density 
(d  <•  1.0083  sag/fii  at  20  C)  of  CSH  in  mg/^L  and  multiply  the 
multiple  by  the  purity  of  the  CSH  used  for  dilution.  The  result 
of  this  mathematical  step  is  then  divided  by  the  target 
concentration  or  the  maximum  XCSH  concentration,  for  VX  the  value 
would  be  1.0  mg/oU..  The  following  calculation  would  hold  true  for 
this  example  if  the  working  VX  purity  is  95  percent: 


'(10.0-;«L  neat  VX)  (1.0083  Dg//iL  density  of  VX)]  ■  10.083-mg  VX 

'(10.083-mg  VX)(0.95)]  •  9.58-mg  VX 

9.58-mg  VX/10  raL]  ■  .958  mg/raL  dilute  concentration 


Therefore,  a  volumetric  flask  of  10  mL  or  greater  would  be 
appropriate  for  this  dilution. 
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b.  All  dilute  solutions  should  be  kept  frozen  when  not  in  use.  All 
XCSH  samples  and  standard  solutions  are  stored  double  contained  at 
-70  C  in  a  locked  Sevco  freezer. 


6.  Standard  Preparation:  Instrument  calibration  standards  are  prepared 
from  standard  analytical  stock  solutions  which  have  been  prepared, 
stored,  and  referenced  to  SARM  as  per  MREF  SOP-33-30.  Calibration 
standards  must  be  prepared  at  three  concentration  levels  as  a  minimum. 
These  concentration  levels  must  extend  over  the  range  of  expected 
sample  concentration.  Appropriate  standard  concentrations  and 
dilution  procedures  are  to  be  determined  by  the  chemist  at  the  time  of 
analysis  in  order  to  establish  precision  limits  required  by  sample 
submitter.  The  standards  will  be  prepared  in  the  same  solvent  as  the 
samples  unless  stability  problems  in  sample  preparation  solvent  have 
been  determined.  The  recommended  solvent  for  CSM  sample  preparation 
for  GC  analysis  is  hexane.  If  standards  need  to  be  prepared  ahead  of 
tine  they  must  be  stored  at  -70  C  until  analysis. 


Instrument  Set-Uc 


a.  The  GC  must  be  operated  with  parameters  that  will  yield  the  best 
quantitative  results  for  the  analytical  systea.  These  will  vary 
depending  on  CSM/solvent  combination  and  concentration  levels. 
The  following  are  recorasended  as  general  starting  conditions  and 
optimum  conditions  njst  be  selected  by  the  chesist  doing  the 
analyses. 


(1)  Column  •  Several  analytical  columns  and  detectors  have  been 
successfully  used  to  analyze  the  agents  listed  in  this  SOP. 
Several  manufacturers  of  columns  and  instruments  have  also 
been  compared  and  only  minor  differences  have  been  observed 
with  all  systems  evaluated  being  acceptable  under  their 
optimal  operating  conditions.  The  recommended  column  is  a 
general  purpose  column  that  produces  reliable  results  with 
all  agents  tested  to  date. 


General  Analyses: 


Column:  30  m  x  0.25-aai  I.O.  SE-54  with  .3-/us  film 
thickness 

Carrier  Gas:  Helium 
Velocity  :  30  L  5  ca/sec  for  Helium 
Make-up  Gas:  30  L  5  mL/rain 
Detector  :  Flame  Ionization  Detector  (FID) 

Detector  Gases:  H2  •  400  mL/min  L  10  mL/min 
Air  •  40  mL/min  L  5  mL/min 
Injector  Te’^.’^ature;  275  L  10  C 
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Detector  Temperature:  250  L  10  C 

Oven  Program:  Initial  temperature  ■  60  C 
Initial  time  »  1.0  nin 

Level  I  program  rate  ■  IS  C/min 
Final  temperature  ■  250  C 
Final  time  ”  2.0  min 
Post  value  =  275  C 
Post  time  ■  4.0  rain 
Injection  Mode:  Split 

Split  Flow:  120  L  10  raL/rain 

Split  Liner  Packing:  3  percent  OV-1  on  80/100  raesh  Chromosorb  WHP 

(2-3  mm  bed) 

Injection  Volume:  1  ^L 

Auto  Sampler:  Hewlett  Packard  7673A  or  eguivalent  with  cooled 
sample  tray  maintained  at  S-7  C. 


Analysis  of  Samples  of  GO  in  0.9  percent  Biological  Saline: 


Column:  25  ■  x  0.32-an  I.D.  HP-20  H  with  3-jia  film 
thickness  or  equivalent 
Carrier  Gas:  Helium 
Velocity  :  30  L  5  ca/sec  for  Helium 
Make-up  Gas:  30  L  5  mL/ain 

Detector  :  FPO  with  S25~n«i  phosphorous  selective  filter 
Detector  Gases:  H2  ■  135  mL/ain  L  10  laL/ain 
Mir  •  120  sL/min  L  S  wL/min 
Oo  ■  15  mL/fain  L  2  mJ./rain 

Injector  Tcaperatura:  iw  L  5  C  (Very  important  for  satisfactory 

precision  and  accuracy  of  results.) 

Detector  Temperature:  225  L  5  C 

Oven  Program:  Initial  t^erature  ■  50  C 
Initial  tise  •  0.5  min 

Level  1  program  rate  ■  20  C/min 
Final  temperature  ■  200  C 
Final  time  •  1.0  nin 
Post  value  •  215  C 
Post  tirae  ■  2.0  min 


Column:  25  a  x  0.32-fl«i  I.O.  HP-20M  with  .Z-ftm  film 
thickness  or  eguivalent 
Carrier  Gas:  Helium 
Velocity  ;  30  L  5  cm/sec  for  Helium 

Make-up  Gas:  30  L  5  mL/min 

Detector  ;  FPO  with  525-nm  phosphorous  selective  filter 
Detector  Gases:  Hj  •  135  mL/uin  L  10  mL/min 
Air  •  120  mL/min  L  5  raL/«in 
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O2  ■  15  fflL/min  L  2  mL/tnin 

Injector  Temperature:  ITO  L  5  C  (Very  important  for  satisfactory 

precision  and  accuracy  of  results.) 
Detector  Temperature:  225  L  5  C 

Oven  Prograw:  Initial  temperature  •  30  C 
Initial  time  ■  0.5  ain 

Level  1  program  rate  ■  20  C/niin 
Final  temperature  ■  200  C 
Final  time  ■  l.O  ain 
Post  value  •  215  C 
Post  time  •  2.0  min 


Injection  Mode: 
Split  Flow: 
Split  Liner  Packing: 

Injection  Volume: 
Auto  Sampler; 


Split 

120  L  10  mL/rain 

10  percent  OV-1  on  80/100  mesh  Chromosorb  WHP 
(2-3  nra  bed) 

1  lit 

Hewlett  Packard  7673A  or  equivalent  with  cooled 
sample  tray  maintained  at  5-7  C. 


Mate:  The  viscosity  of  ailtisol  prohibits  reproducible  injections  of 
samples  using  an  autosampler.  Therefore,  samples  in  multisol 
have  to  be  diluted  with  an  appropriate  solvent  such  as 
tetrahydrofuran  (THF).  The  samples  have  been  shown  to  be 
stable  for  at  least  72  hr  after  dilution  at  5-7  C.  The 
recommended  dilution  is  a  miniamm  factor  of  five  for  reliable 
injection  rasults  using  an  autosampler.  As  previously  stated, 
the  standards  should  also  be  diluted  using  THF. 


Analysis  of  TGD  Samples  in  Acetonitrile; 


Column: 

Carrier  Gas: 

Velocity  : 
Hake-up  Gas: 
Detector  : 
Detector  Gases: 


Injector  Temperature: 

Detector  Temperature: 

Oven  Program: 


25  a  X  0.32-0111  1.0.  HP-20M  with  .3-^  film 

thickness  or  equivalent 

Helium 

30  L  5  cm/sec  for  Helium 
30  L  5  laL/min 

FPO  with  525-nm  phosphorous  selective  filter 

H2  »  135  oiL/flin  L  10  mL/min 

Air  ■  120  mL/min  L  5  mL/min 

O2  •  15  mL/min  L  2  mL/min 

200  L  5  C  (Very  important  for  satisfactory 

precision  and  accuracy  of  results.) 

225  L  5  C 

Initial  temperature  •  50  C 
Initial  time  •  0.5  min 

Level  I  program  rate  •  20  C/min 
Final  temperature  ■  200  C 
Final  time  ■  1.0  min 
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Post  value  •  215  C 
Post  time  »  2.0  rain 

Injection  Mode:  Split  for  concentrations  above  100  /ig/mL 

Splitless  for  concentrations  below  100  /ig/mL 
Split  Flow:  120  L  10  mL/min 

Split  Liner  Packing:  10  percent  OV-1  on  80/100  mesh  Chromosorb  WH^ 

(2-3  mm  bed} 

Injection  Volume:  1  ^L 

Auto  Sampler:  Hewlett  Packard  7673A  or  equivalent  with  cooled 
sample  tray  maintained  at  5-7  C. 

Mote:  Acetonitrile  has  been  selected  for  dilution  of  neat  TGD  due  to 
increased  solubility  of  thickener  and  agent  stability  in  this 
solvent. 

b.  Install  the  proper  column  into  the  capillary  injector  and  detector 
ports  and  leak  test  the  joints.  If  the  column  has  not  been  in 
use,  condition  at  20  C  below  manufacturer  suggested  maximum 
operation  temperature  overnight.  This  must  be  done  by  first 
allowing  the  column  to  set  at  room  temperature  with  carrier  gas 
flow  for  *  20  min  and  then  programming  to  the  final  temperature  at 
a  slow  rate  such  as  3  C/min.  The  column  can  then  be  left  at  upper 
temperature  overnight.  This  initial  conditioning  is  required  to 
insure  that  oxidants  trapped  in  the  column  under  storage 
conditions  are  removed  prior  to  exposure  of  the  column  to  elevated 
temperatures.  The  exposure  of  tLe  capillary  colurui  liquid  support 
to  elevated  teaiperatures  in  the  presence  of  compounds  such  as 
oxygen  or  water  will  dectxspose  the  stationary  pnase  of  a  capillary 
column.  The  exposure  of  fused  silica,  the  material  of  which  most 
modem  columns  are  prepared,  to  water  will  dissolve  the  material 
and  also  destroy  the  colutsn  by  producing  chemically  bonding  active 
sites  within  the  coluan. 

c.  Set  the  temperatures  in  the  heated  zones  using  the  GC  terminal 
using  the  appropriate  example  temperatures  as  listed  in 
Section  G.6.a.(l) . 

d.  Set  the  gas  flow  rates  as  recommended  in  Section  G.6.a.(l)  using  a 
soap  bubble  flow  meter  of  appropriate  range  and  stopwatch.  Set 
the  carrier  velocity  first  then  turn  the  detector  gases  off.  The 
column  velocity  is  measured  by  injecting  a  compound  under 
conditions  that  will  yield  an  insignificant  retention  of  the 
compound.  A  typical  compound  used  to  set  column  velocities  is 
meth  ne  for  FIO  conditions  or  acetone  for  FPO.  The  column 
velocity  is  measured  by  injecting  the  methane  and  timing  the  time 
required  for  the  methane  or  acetone  to  exit  the  column.  The  exit 
of  the  methane  or  acetone  is  monitored  by  the  detector,  and  when 
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the  peak  is  observed,  the  time  is  recorded.  A  sample  calculation 
is: 


Column  Length  in  ca 

■  -  3 

Retention  Time  of  Methane  or  Acetone  in  sec 


Carrier  Velocity  in  ca/sec 


The  column  velocity  Bust  be  set  at  optimum  colunai  temperature 
(mid-range  of  the  operating  conditions)  sirce  capillary  column 
velocities  change  with  t^erature.  The  recomoended  temperature 
for  the  reco-sMended  conditions  is  150  C.  Once  column  velocity  has 
been  set,  allow  the  carrier  gas  to  flow  continuously  through  the 
column  during  the  remainder  of  the  measurements.  It  should  be 
noted  if  a  carrier  gas  other  than  helium  is  used,  a  Van  Deemter 
Curve  for  that  gas  should  be  reviewed  to  establish  the  optimum 
velocity. 

e.  Attach  the  flow  meter  to  the  gas  outlet  from  the  detector  with  the 
carrier  gas  on  and  all  other  gases  off.  Measure  the  column  flow 
rate  and  record  as  this  will  need  to  be  subtracted  from  all  future 
measurements  to  get  actual  flow  rates. 

Example  Calculation  for  Flow  Rate: 

(i.e.,  for  a  time  interval  of  15  s^c  to  achieve  a  volume  of  10  raL 
the  following  cilcuiation  would  be  performed) 

Foraala  for  deieraining  flow  rate: 

Flow  rate  in  al/«in  •  Volume  (ml) 

Time  (mi’nT 


IS  sec  , 
50  sec; min 


.25  min 


10  ml 
.2o  min’ 


40  mi/«in  (flow  rate) 


f.  Adjust  and  repeat  measurements  until  the  prescribed  value  is 
reached  subtracting  the  carrier  flow  rate  from  the  obs-rved  flow 
rate  to  get  actual  flow  rates. 

g.  Repeat  measurement  procedure  to  set  hydrogen  flow  rate. 

h.  Repeat  measurement  procedure  to  set  a«r  flow  rate. 

i.  With  gases  on,  ignite  the  FIO  or  FPO  flame  by  depressing  the  flame 
ignition  button.  Verify  flame  ignition  by  checking  for  continuous 
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condensation  on  a  cold  surface  (e.g.,  mirror)  at  the  effluent 
cutlet  on  the  FID  or  FPO. 

j.  When  the  flame  has  been  ignited,  turn  on  the  ^10  or  FPO 
elect. onics  and  allCM  20  min  for  system  equilibration. 

k.  Key  in  the  following  set  points  on  the  integrator  terminal  if 
available.  If  a  strip  chart  is  used,  refer  to  instrument  manual 
for  connections.  Typical  settings  are: 

1.  Integration  Method:  Area  percent 

2.  Attenuation:  (2)^ 

3.  Percent  Offset:  10 

4.  Peak  Width;  0.04 

5.  Threshold:  4 

6.  Run  Time:  15.0  STOP 

7.  Chart  Speed;  0.5 

8.  Detector:  en 

These  set  points  are  only  guidelines,  but  entering  values  for 
these  parameters  is  a  minimua  requireswr.t  for  integration. 

l.  Plot  the  FID  or  FPO  signal  on  the  GC  recorder  Zero  the  plot  on 
the  terminal  or  strip  chart  recorder  so  that  the  baseline  is  at 
m  10  percent  offset. 

a.  Analysis  of  iamples:  Standards  and  sample  solutions  are  analyzed 
using  the  same  p  jcedures. 

9.  Calculation  Procedures: 

a.  Identify  the  C  i  peak  in  the  sample  and  standard  chromatograms; 
record  the  peak  area. 

b.  To  calculate  the  concentration  of  the  XCSH  samples,  construct  a 
calibration  curve  by  doing  a  linear  regression  of  standard 
concentration  vs.  standard  peak  area  for  all  concentration  levels, 
then  fit  the  sample  peak  area  to  the  curve  to  obtain 
concentration. 


1 
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a.  Each  step  in  the  analysis  of  standards  and  samples  must  be  done 
reproducibly  to  achieve  good  precision  and  accuracy.  This 
includes  preparation  of  dilute  solutions  and  instrument  operation. 

b.  The  samples  are  to  be  injected  a  minimum  of  three  times  each  with 
an  average  response  used  to  determine  the  purity  measurement.  The 
relative  standard  deviation  for  any  set  of  injections  must  not 
exceed  10  percent.  If  the  relative  standard  deviation  exceeds 

10  percent,  the  experiment  must  be  repeated  entirely  prior  to 
acceptance  of  data. 

c.  The  FID  is  a  general  purpose  GO  detector.  The  detector  is  linear 
over  an  extremely  large  range  which  makes  it  well  suited  for  this 
type  of  analysis.  In  addition,  the  detector  is  general  purpose  in 
that  it  detects  almost  all  chromatographable  material  with  two  or 
Bare  carbon  atoms.  However,  due  to  the  non-selective  nature  of 
the  detector,  the  detection  of  interferences  may  be  encountered. 
Therefore,  each  new  type  of  testing  should  be  preceded  by 
experimentation  to  determine  whether  any  interferences  are  present 
and  if  so.  to  identify  and  compensate  for  them. 

d.  Blanks  for  solvents  must  be  checked  and  high  purity  solvents  such 
as  distilled  in  glass  are  recommended.  An  analysis  of  the  system 
blank  iaust  be  studied  under  the  same  test  conditions  (first 
without  CSH  present  and  then  with  CSM  spike)  and  conspare  the 
chrcmatcgrans.  Evaluate  the  data  and  make  any  necessary 
corrections. 


e.  If  interferences  present  a  problem,  then  analysis  using  a  mass 
spectrometer  for  the  detection  system  is  reconmended  so  that 
interferences  can  be  confirmed  and  possibly  identified  as  solvent 
impurities  or  CSH  impurities.  A  mass  spectrometer  should  also  be 
used  when  initially  establishing  GC  conditions  to  insure  that  the 
chromatographic  peak  being  measured  during  purity  analyses  is  the 
CSM  of  interest  and  not  an  impurity. 

U.  Instrument  Shut-Down; 


a.  When  the  instrument  is  not  to  be  used  for  extended  periods  of 
time,  the  system  must  be  shut  down  following  manufacturer's 
instructions  to  insure  colu-mn  life  and  instrument  stability. 

b.  Be  sure  that  sufficient  gases  are  supplied  for  continuous  flow  of 
carrier  and  detector  gases  for  the  period  of  time  that  the  system 
will  be  unattended. 
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c.  For  weekend  shut-down,  follow  the  same  procedure  but  also 

extinguish  the  detector  flame  if  appropriate  by  shutting  off  the 
detector  gas  valves. 

H.  Decontamination:  Proper  protective  equipment  and  clothing  must  be 

utilized  throughout  these  operations  in  accordance  with  FSSP  SOPs  MREF-23 
and/or  MREF-2S.  All  absorbent  material  covering  the  hood  surface  will  be 
placed  in  the  decontaminating  solution  after  each  operation.  All 
disposable  glassware  in  hoods  will  be  submerged  in  the  appropriate 
decontaminating  solution  (5  percent  available  chlorine  in  a  sodium 
hypochlorite  solution  or  10  percent  sodium  hydroxide  solution  in  water) 
overnight.  All  non-disposable  glassware  in  hoods  will  be  filled  with  the 
appropriate  decontaminating  solution  (5  percent  available  chlorine  in  a 
sodium  hypochlorite  solution  or  10  percent  sodium  hydroxide  solution  in 
water)  overnight.  Materials  left  ti  soak  in  decontaminating  solution 
overnight  will  be  removed  from  the  hood  on  the  next  work  day.  The 
glassware,  equipment,  or  non-expendab ie  materials  are  rinsed  with  water 
and  removed  from  the  hood.  Expendable  items  may  be  placed  directly  into  a 
primary  plastic  bag  within  the  hood.  The  primary  plastic  bag  is  then 
sealed  with  adhesive  tape  and  placed  inside  another  plastic  bag,  which  is 
then  sealed  with  adhesive  tape  to  provide  double  containment  of 
decontaminated  materials. 

Bags  of  waste  must  be  labeled  “Contaminated  Materials*  with  type  of  XCSM, 
date  of  bagging,  bag  identification  number,  and  name  of  person  packaging 
the  contaminated  materials  in  accordance  with  MREF  SOP-83-3,  Section  K. 

The  double-contained  materials  can  then  be  incinerstad. 


I.  ^eroencv  Procedures;  If  an  XCSM  spill  occurs,  decontamination  solution 
(containing  5  percent  sodium  hypochlorite  or  10  percent  sodium  hydroxide) 
located  within  the  hood  is  gently  poured  or  swabbed  with  soaked  absorbent 
paper  held  with  forceps  o.i  the  area  in  an  amount  that  is  at  least,  tenfold 
in  excess  of  the  spill.  is  contaminated  decontaminating  solution  is 
absorbed  with  diatomaceo^.  'arth  or  other  absorbent  and  deposited  into 
double  plastic  bags.  The  cleaning/absorption  procedure  is  repeated  again. 

In  the  event  of  any  incident  or  exposure,  the  MREF  Manager  or  his  designee 
must  be  notified  immediately. 

J.  First  Aid  Procedures:  Hake  sure  that  you  protect  yourself  iTom 
contamination  by  the  casualty.  Mask  if  in  doubt.  Personnel  exposed  to  a 
toxic  agent  will  be  removed  immediately  to  a  shower  area  where  washing  and 
first  aid  can  be  administered  by  co-workers.  If  there  is  any  question 
about  the  source  of  contamination,  place  the  victim  under  the  emergency 
shower.  Wash  the  victim  down  with  soap;  do  not  scrub  as  this  may  enhance 
penetration . 
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1 .  Emergency  Treatment  for  Specific  Types  of  XlSH: 


a.  V  and  G  XCSH: 

(1)  Decontaminate  <*hen  the  source  of  contact  is  certain. 

(a)  Transfer  the  victim  to  a  clean  area  and  thoroughly 

decontaminate  with  S  percent  sodium  hypochlorite  only  in 
the  areas  below  the  eyes  in  the  position  in  which  the 
victim  is  being  held.  Wash  skin  at  once  with  diluted 
chlorine-type  bleach  and  rinse  with  copious  amounts  of 
water.  Rinse  eyes  with  water  only;  rinsing  a  minimum  of 
10  min  at  the  eyewash  fountain.  Decontaminate  with  dry 
tissue  or  absorbent  paper  followed  by  water  in  areas 
close  to  the  eyes. 

(2)  Decontaminate  when  source  o'  contact  is  uncertain. 

(a)  Place  victim  in  shower  and  remove  clothing. 

(3)  If  victim  has  syaptesas  of  anticholinesterase  poisoning  beyond 
miosis,  inject  him  with  the  contents  of  the  atropine/2-PAM 
autoinjectors  at  intervals  of  5-10  min  up  to  a  maximum  of 
three  injections.  Note  time  of  each  injection  on  the  victim 
for  reference  by  physician. 

(4)  If  victim  has  stopped  breathing,  employ  resuscitation  with 
the  affibu-bag  immediately.  Use  the  atropine  autoinjectors 
after  you  have  successfully  succeeded  in  restoring 
respiration. 

b.  H  and  L  XCSH: 

(1)  Decontamination  when  the  source  is  certain. 

(a)  Transfer  the  victim  to  a  clean  area  and  thoroughly 

decontaminate  with  S  percent  sodium  hypochlorite  only  in 
the  areas  below  the  eyes  in  the  position  in  which  the 
victim  is  being  held.  Wash  skin  at  once  with  diluted 
chlorine-type  bleach  and  rinse  with  copious  amounts  of 
water.  Rinse  eyes  with  water  only;  rinsing  a  minimum  of 
10  min  at  the  eyewash  fountain.  Decontaminate  with  dry 
tissue  or  absorbent  paper  followed  by  water  in  areas 
close  to  the  eyes. 

(2)  Place  victim  in  shower  and  remove  clothing. 
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2.  Tne  decontaminated  individual  is  transported  by  ambulance  to 
University  Hospital . 

3.  In  the  event  of  any  exposure,  the  MPEF  Manager  or  his  designee  must  be 
suaiaoned  after  the  icmediate  emergency  is  taken  care  of  and  informed 
of  the  exposure. 
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Heasursfflent  of  the  Ability  of  Cheaicals  to  Decrease  the  Aging 
Rate  of  Soman  (GO)-Inhibited  Acetylcholinesterase  (AChE)  Activity,  Vitro 


A.  Statement  of  Work:  Acute  toxicity  associated  with  organophosphates  has 
Eeen  attributed  to  inhibition  of  acetylcholinesterase  (AChE)  which  causes 
the  Buscarinic,  nicotinic,  and  central  nervous  system  cholinergic  effects 
observed  with  organophosphate  (OP)  exposure.  There  are  marked  differences 
amongst  the  various  OPs  in  the  persistence  of  AChE  inhibition.  In  this 
SOP,  an  assay  is  outlined  for  the  use  of  an  in  vitro  system  to  identify 
candidate  pretreataent  and  treatment  (PST)  compounds  that  significantly 
decrease  the  aging  rate  of  Soman  (GO)-inhibited  AChE  (G0-ACh£) . 

B.  Responsibility; 


1.  Personnel  Qualifications:  Technical  staff  will  ba  current  with  the 
requirements  of  the  MREF  and  all  applicable  MREF  SOPs.  All  technical 
staff  will  be  familiar  with  handling  hazardous  liaterials  within  the 
HREF  laboratory.  The  technical  staff  must  have  a  fitted  SurvivAir 
resp irate  in  accordance  with  FSSP  SOP  MftEF-9.  They  must  know  the 
location  o  ^he  nerve  agent  kit,  mechanical  resuscitator,  eye  wash 
fountain,  a.  i  deluge  shower  as  well  as  how  to  use  then.  They  m%t 
maintain  eit  r  visual  or  audible  contact  with  each  other  in  order  to 
detect  unauth>jrized  actions  or  be  ready  to  rescue  or  render  first  aid 
to  the  other  in  the  event  of  an  accident.  Personnel  working  with 
solutions  of  chaaical  surety  materiel  (CSH)  that  do  not  exceed  XCSH 
criteria  must  read  and  sign  this  SOP  before  perfonaing  the  procedure. 

2.  Leaders:  Leaders  of  each  operation  will  be  designated  by  the  Study 
director  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  B.l  are  allowed  in  the  room  during  XCSM  operations. 

b.  XCSM  control  and  accountability  arc  maintained. 

c.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  persc.'.nel  at  their  work  site. 

d.  All  leader  and  technical  staff  responsibilities  specified  in  the 
MREF  FSSP  are  followed. 
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e.  Each  eoployee  has  been  trained  in  the  techniques  of  administering 
first  aid  and  self  aid. 

f.  Work  under  this  SOP  is  performed  only  in  the  area(s)  or  room(s) 
designated  by  this  SOP. 

g.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  Mearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

h.  The  safety  requirements  of  this  SOP,  as  v«ll  as  nonsal  laboratory 
safety,  are  maintained. 

1.  Decontamination  solutions  are  present  prior  to  handling  XCSHs. 

j.  All  quantities  of  XCSK  that  leave  the  hood  or  room  are  properly 
contained  and  labeled, 

k.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff;  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equloment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  fna  injury  and  to  prevent 
damage  to  Material,  equipment,  and  facilities.  They  must  not  perform 
XCSH  operations  without  the  presence  of  a  qualified  second  parson. 

4.  Researeh  Organisation;  The  organization  involved  in  this  I'esearch  is 
the  of  Satteile  Hemorial  Institute,  505  King  Avenue,  Columbus, 
Ohio  43201-2693. 

C.  Materials  to  be  Used; 

1.  XCSM;  XCSN  is  also  referred  to  as  research,  development,  test,  and 
evaluation  (ROTE)  dilute  solutions  of  CSM.  The  XCSM  solutions  that 
can  be  used  following  thi;  SOP  are  those  prepared  from  the  following 
CSM. 

a.  Soman  (CAS  96-64-0  or  50642-24-5} :  GO,  pinacolyl 
methy 1 phosphonof I uoridate. 


Sodium  hydroxide  (NaOH)  (10  percent  in 
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D-  Equipment:  Freezer  and  refrigerator;  volume-adjustable  single  and 
Bulticnannel  pipettors;  pipette  tips;  pipette-aid  and  serological 
pipettes;  COBAS/FARA  Centrifugal  Analyzer;  96-well,  flat-bottomed 
microtiter  plates;  microtiter  plate  reader;  10-raL  and  25-;i»L  volumetric 
flasks;  20-mL  scintillation  vials;  plastic-backed,  absorbent  paper; 
absorbent  wipes  (e.g.  Kinwipes);  4-L  container;  two  SOO-mL  squirt  bottles; 
solid  adsorbwt  material;  plastic  bags;  atropine/pral idoxime  chloride 
(2-PAM)  autoinjectors;  and  first  aid  kit. 

£.  Hazards  Involved: 

1-  Anticholinesterase:  The  hazard  from  XGO  is  priwrily  that  of  liquid 
injection,  ingestion,  or  absorption  through  the  skin  or  eyes. 

a.  Mechanism  of  Action  and  Physiological  Effects:  This  XCSM  causes 
inhibition  of  AChE  in  the  body.  Repeated  low  level  exposures  to 
this  XCSM  will  have  cumulative  effects  on  cholinesterase 
inhibition.  Blood  AChE  is  regenerated  slowly,  and  the  inhibition 
effect  will  last  several  weeks.  Clinical  signs  and  symptoms  may 
suddenly  occur  following  repeated  exposures,  but  is  unpredictable 
in  time  of  onset  and  severity. 

Inadvertent  skin  cnntact  with  XCSM  is  the  most  common  cause  of 
1 ^oratory  accidents/  incidents.  The  XCSM  absorption  rate  will 
likely  be  sccelerated  through  unprotected  cuts  and  abrasions.  The 
first  indication  of  exposure  of  skin  to  XGO  is  likely  to  be  a 
reaction  at  the  point  of  exposure,  i.e.,  localized  sweating  and/c 
twitching.  If  exposed  to  vapor  pinpoint  pupiis  (miosis),  musculo, 
tightness  in  the  chest,  and/or  a  runny  nose  will  likely  be  the 
^irst  effects.  Other  than  the  above,  no  symptoms  are  likely  to  be 
exhibited  from  exposure  to  XGO.  However,  under  extreme  and 
unusual  circumstances  an  exposure  may  be  sufficient  such  that 
symptoms  may  progress  beyond  a  local  reaction  to  produce  systemic 
poisoning.  The  following  signs  and  symptoms,  the  number  and 
severity  of  which  will  depend  upon  degree  of  exposure,  are  typical 
of  systemic  toxicosis: 


(1)  Nausea— possible  vomiting. 

(2)  Diarrhea. 

(3)  Weakness. 

(4)  Muscle  twitching. 

(5)  Convulsions. 
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(6)  Central  nervous  systea  depression. 

(7)  Coma. 

(a)  Cessation  of  breathing. 

(9)  Exposure  Factors;  Onset  of  signs  and  symptcm  from  a 

percutaneous  exposure  nay  be  delayed  by  the  absorption  time. 
Onset  after  a  vapor  inhalation  exposure  may  be  quite  rapid, 
and  death  may  occur  within  10  min.  Vapor  exposure  to  the 
eyes  results  in  icnediate  miosis  at  very  low  ccncentrations. 

2.  Decontamination  solutions  can  cause  chemical  bums  if  NaQH  is  left  in 
contact  with  skin  or  eyes. 

3.  Gloves  and  aprons  made  of  butyl  rubber  are  flammable  and  have  no 
self-extinguishing  capability;  therefore,  care  must  be  taken  to  avoid 
open  flame  or  heat  that  may  ignite  them. 

F.  Safety  Requirements; 

1.  Hoods;  Hood  face  velocity  must  average  100  t  10  Ifpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  earh  square 
foot  of  hood  face  (usually  nine  readings}.  In  addition,  no  individual 
reading  will  vary  more  than  20  percent  from  the  avercga,  flo  equipment 
will  be  within  20  cm  of  the  face  of  the  hood. 

2.  Protective  Equipment;  Hhen  working  with  XCSM  samples,  the  following 
clothing  and  protective  gear  are  required  as  a  ainimua  for  all 
personnel. 

lab  coat 

safety  shoes 

two  pairs  of  latex  gloves 

protective  eyewear 

In  addition,  each  worker's  individually  assigned  Survivair  combination 
escape/airi ine-supplied  respirator  will  be  readily  available.  All 
provisions  of  the  MREF  FSSP  apply  to  the  checking  and  testing  of 
gloves,  aprons,  respirators,  and  other  protective  equipment. 

3.  First  Aid;  A  first  aid  kit  containing  two  squirt  bottles,  one  filled 
with  a  5  percent  available  chlorine  NaOCl  solution  and  one  filled  with 
water  (labeled,  dated,  and  the  contents  changed  every  month),  and 
gauze  pads  will  be  located  in  the  room.  The  location  of  the  nearest 
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eye-wash  fountain,  deluge  shower,  and  fire  extinguisher  will  be  known 
to  all  laboratory  personnel  before  work  begins. 

G.  Experimental  System;  This  assay  entails  the  development,  validation,  and 
use  of  an  in  v^tro  assay  to  identify  candidate  compounds  that  decrease  the 
rate  of  aging  of  uO- inhibited  AChE  (GO-AChE). 

H.  Experimental  Desicin:  Using  standardized  outhodology,  automated  as 
necessary  to  pcrsnt  the  screening  of  at  least  12  P&T  compounds  per  week, 
the  effect  of  each  compound  is  evaluated  relative  to  its  ability  to 
inhibit,  |n  vitro,  the  aging  rate  of  GO  on  AChE.  The  procedure  is  based 
on  the  procedure  described  by  Puu  et  al.,  and  involves  determining  the 
acaount  of  reactivatible  GO-inhibited  fetal  bovine  serum  (FBS)  AChE  as  a 
function  of  GD  incubation  time.  For  general  screening,  a  minimum  of  two 
time  points  are  required,  however,  additional  time  points  may  be  estimated 
if  mandated  by  experimental  protocol. 

I.  Procedures: 

1.  Hood  Set-Up  I  Prior  to  obtaining  XCSM.  the  operation  hood  area  must  be 
prepared  with  all  materials  necessary  to  perform  an  XCSM  operation. 

The  hood(s)  to  be  used  for  any  operation  with  XCSM  will  contain,  as  a 
minimum,  the  appropriate  decontaminating  solutions,  waste  containers, 
forceps,  plastic-backed  absorbent  paper,  primary  container  holder,  and 
XCSM  transfer  equipment.  All  of  the  above  materials  will  be  kept 
behind  the  d-inch  line  in  the  hood. 

Plastic-backed  absorbent  paper  must  be  used  to  protect  the  work 
surface  of  the  hood.  Five  layers  of  brown  paper  will  be  placed  on  top 
of  the  absorbent  paper.  Two  4-L  beakers  containing  a  minimum  of  2  L 
of  decontaminating  solution  will  be  placed  within  the  hood. 

A  vial  support  block  of  sufficient  size  to  contain  all  primary  XCSM 
maxi-vials  to  be  used  will  be  positioned  within  the  hood  work  area. 

2.  Preparation  of  AChE  Assay  Reagents: 

a.  Phosphate  Buffer  (0.1  M,  pH  7.6):  This  reagent  has  an  expiration 
date  of  8  weeks  following  the  date  of  preparation. 

Solution  A:  Dissolve  1.38  of  monobasic  sodium  phosphate  in  SO-mt 
deionized  water. 

Solution  B:  Dissolve  7.1  g  of  dibasic  sodium  phosphate  in  250-mL 
deionized  water. 
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Mix  32.5  mL  of  Solution  A  with  217.5  ml  of  Solution  3  in  a  5^ 
5C0-«L  voluoetric  flask.  Bring  total  volume  to  500  cnL  with  ,f  ^ 
deionized  water.  Adjust  to  pH  7.5  as  necessary  using  1.0  N  HCl  or  ,  ; 
1.0  H  NaOH.  ^ J 


b.  'niIS(hydroxy«ethyl)-aoinomethane  (TRIS)  Suffer:  This  reagent  has 
an  expiration  date  of  3  weeks  following  the  date  of  preparation. 

(1)  COBAS  Assay  -  0.05  H,  pH  8.2:  Dissolve  3.03  g  of  TRIS  in 
400-aL  deionized  water  and  adjust  to  pH  with  6.0  H  HCl. 

Bring  to  500  at  with  deionized  water. 

(2)  Hicroplate  Assay  -  O.l  H,  pH  8.2:  Dissolve  6.05  g  of  TRIS  in 
400  bL  of  deionized  water  and  adjust  to  pH  with  6.0  li  HCl. 
Bring  to  500  oL  with  deionized  water. 

c.  S,5*-0ithio-bis(2-nitrobenzoic  acid)  (DTHB)  Reagent:  This  reagent 
is  not  used  4  weeks  after  the  date  of  preparation. 

(1)  C08AS  Assay  •  (0.42  aM):  Dissolve  0.0333  g  DTN8  in 
approxicatcly  150-al  TRIS  buffer.  Adjust  pH  to  8.2  with 

1.0  N  NaOH.  Bring  to  a  total  volum  of  2Q0  oL  with  deionized 

water. 

(2)  Microplate  Assay  -  (0.84  «M):  Dissolve  0.C666  g  of  OTTiB  in 
approxiaately  ISO-aL  TRIS  buffer.  Adjust  pH  to  3.2  with  1.0 
M  NaOH.  Bring  to  a  total  vclunse  of  200  xl  with  deionized 

water. 

d.  Saline  [0.9  Percent  Sodiua  Chloride  (NaCl)]:  Dissolve  0.9  g  NaCl 
in  90-ai.  deionized  water.  Bring  to  a  final  voluae  of  100  »L  with 
deionized  water.  This  reagent  is  f.ot  used  8  weeks  after  the  date 
of  preparation. 

e.  Acetylthiocholine  Iodine  (ATCNI)  Substrate  (5  x  10**  M) :  Dissolve 
5.78^  ATCHI  in  90-aL  saline.  Dilute  to  a  final  voluae  of  100  oL 
with  saline.  Aliquot  into  2.5  at.  in-use  quantities,  label,  and 
store  at  0  to  -20  C.  This  reagent  is  not  used  6  months  following 
the  date  of  preparation. 

(1)  COBAS  Assay  -  Dilute  1:4  with  saline  before  use. 

(2)  Microplate  Assay  -  Dilute  1:15  with  saline  before  use. 


f.  Assay  Buffer:  To  100  mL  of  phosphate  buffer  (a),  add  0.20-g 
magnesium  chlorida  (HgCt^)  (0.01  H),  0.01-g  bovine  serum  albumin. 
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and  0.002-g  sodiua  azide  (0.002  percent).  Store  refrigerated 

until  use.  This  reagent  aay  be  used  up  to  4  weeks  past  the  date 

of  preparation.  I 


g.  AChE  Stock  Solution  (EC  3. 1.1.7):  Either  FBS  AChE  or  eel  AChE  nay 
be  used  as  specified  by  the  experimental  protocol.  FBS  AChE  is 
obtained  froa  the  Department  of  Biochaaistry,  Walter  Reed  Array 
Institute  of  Research.  It  is  supplied  at  a  concentration  of 
approxiaately  5,000  U/ml  in  1C  percent  glycerol  and  0.1  M  sodium 
phosphate  buffer  (pH  7.6)  in  pre-assayed  vials  and  nay  be  stored 
for  at  least  a  year  at  -10  C  with  less  than  10  percent  activity 
loss.  (NOTE:  The  storage  teaperature  oust  r.ot  ever  be  lower  than 
-25  C.)  Eel  AChE  is  purchased  conaercially  as  a  lyophilized 
powder  of  approxiaately  300.0  tJ/ng  protein.  This  po^er  is 
diluted  to  produce  an  AChE  stock  solution  with  a  concentration  of 
approxiasately  5,000  U/nC  by  the  addition  of  5,000  U  of  the  powder 
to  each  1.0  ou.  of  a  10  percent  glycerol  and  0.1  H  sodiua  phosphate 
buffer  (pH  7.6}  solution  which  is  subsequently  a'iiquoted  into 
vials  containing  0.5  nL  each  and  stored  at  -10  C  until  use.  The 
aliquots  used  are  not  restored  for  next  day  of  later  use.  Frozen 
aliquots  may  be  used  for  up  to  1  year  past  the  date  of 
preparation. 

h.  AChE  Reagent  Solution: 

(i)  CC8AS  Assay:  Add  250  /si  of  packed  erythrocyte  s^le  in  a 
microceatr jfuge  tube.  Dilute  to  1  el  with  deionized  water 
snd  «ix  to  heaKjlyze  the  erythrocytes.  Centrifuge  for  10  min 
at  12,000  to  15,000  revolutions  per  min  (rpn)  in  a  Brinkman 
■icrocentrifuge.  Decant  the  supemate  and  add  1  ml  of 
deionized  water  to  the  pellet.  Resuspend  the  pellet  and 
centrifuge  as  before.  Decant  the  second  supemate  and 
resuspend  the  pellet  in  approximately  1.0  ml  of  1  percent 
triton  X-100  in  normal  saline.  The  volume  in  which  the 
pellet  is  resuspended  may  fluctuate  depending  on  the  level  of 
red  cell  AChE.  For  Rhesus  monkey  erythrocytes,  1.0  ml  is  a 
good  starting  volume.  Assay  the  solubilized  material  for 
AChE  activity  using  the  COBAS.^FARA  analyzer  using  the  GDR 
program.  Then  dilute  the  material  to  the  desired  AChE 
activity,  for  use  in  the  GO  aging  assay,  with  the  1  percent 
triton  X-100  solution.  If  the  amount  of  red  cell  merabrane 
AChE  is  low,  a  larger  starting  volume  of  packed  red  blood 
cells  may  be  used,  FBS  AChE:  This  is  used  for  testing  the 
effect  of  PJT  compounds  on  AChE  aging  of  GO-inhibitsd  enzyme. 
Dilute  the  AChE  stock  as  in  Section  I.l.g  above  with  assay 
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buffer  to  make  a  solution  that  has  an  approximate  AChE 
activity  of  2  U/mL. 

(2)  Hicroplate  Assay:  Dilute  the  AChE  stock  solution  described 
in  Section  I.l.g  above  with  assay  buffer  to  make  a  solution 
that  has  an  approximate  AChE  activity  content  of  1.0  U/mL. 

i.  HI-6  Preparation  (2.3  mM):  A  2.3  mH  solution  is  prepared  by 
dissolving  24.9  mg  of  HI-6  in  approximately  15  oL  of  assay  buffer 
in  a  2S-aL  volumetric  flask.  The  pH  is  adjusted  to  7.6  and  the 
volume  is  then  brought  to  25  bL  with  assay  buffer.  The  final 
incubation  concentration  of  reactivator  should  be  800  As 
indicated  by  protocol,  2-PAM  or  other  reactivators  may  be  used  in 
place  of  HI-6. 

j.  P&r  Compound  Stock  Solutions  (2.0  bH):  Add  50.0  pmol  of  each  P&T 
compound  to  approximately  15-«L  assay  buffer  in  a  25-mL  volumetric 
flask.  Hix  and  bring  to  a  final  volume  of  25  ml  with  assay 
buffer.  Adjust  the  pH  to  7.6  as  needed. 

3.  Handl i The  handling  of  XCSM  is  conducted  in  accordance 
with  HREF  SOP-33-5.  The  procedures  used  within  this  SOP  are  described 
in  HREF  SOP-83-5  and  shall  include  the  labeling  (Section  G.3), 
obtaining  (Section  G.4),  equilibration  (Section  G.5).  transfer 
(Section  G.6),  dilution  (Section  G.7),  transport  (Section  G.3), 
packaging  (Section  G.9),  transfer  for  use  within  the  H«EF 

(Section  G.IO),  and  securing  of  XCSM  (Secticn  H). 

4.  Dilution  of  GO  to  XCSH  Levels: 

a.  GO  is  diluted  to  XCSM  levels  (0.5  mg/mL)  in  ^iREF  Room  2B  following 
the  procedure  set  forth  in  FSSP  SOP  HREF- 10  and  HREF  SOP-83-3. 

The  preparation  of  dilutions  and  the  transfer  of  XCSH  is  recorded 
in  a  logbook  to  document  each  step  of  operation  and  to  create  a 
permanent  record. 

b.  The  diluent  for  GO  is  distilled  and/or  deionized  water.  The 
primary  container  for  the  XGD  is  a  I.O  bL  septum-capped  vial, 
clearly  labeled  to  indicate  the  contents,  dilution,  date  of 
preparation,  and  the  name  of  the  individual  preparing  the 
dilution.  60  dilutions  are  stored  between  -60  to  -60  C  until 
used.  XGO,  prepared  and  stored  in  this  fashion,  will  not  be  used 
90  days  past  the  date  ef  preparation. 
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c.  For  routine  assay  use,  a  vial  is  rcffloved  frou  storage  and  is 

allowed  to  rhaw  in  an  XCSM-approved  laboratory  hood  or  biological 
safety  cabinet. 

(1)  CQ8AS  Assay:  The  XGO  is  prepared  in  assay  buffer  and  the 
concentrations  used  say  fluctuate  depending  on  the  source  of 
the  cholinesterase  and  degree  of  innibition  desired.  For 
Rhesus  Bonkey  AChE  sajsples,  O.S  to  5  nM  XGO  will  inhibit  the 
enzyoe  approximately  25  to  75  percent,  respectively,  under 
the  above  incubation  conditions.  For  the  testing  of  the 
effect  of  PiT  coapounds  on  the  aging  rate  use  tne  same  XGO 
concentration  as  in  the  mi crop late  assay. 

(2)  Kicroplate  Assay:  A  working  dilution  is  then  prepared  by 
further  dilution  of  the  vial  contents  to  a  concentration  of 
approximately  0.05  This  working  solution  is  kept  in  a 
sealed  container  on  ice  until  used  in  the  assay. 

5.  Storage  of  XCSH; 

a.  XCSM  is  stored  according  to  the  procedures  ret  forth  in 
MREF  SOP-a3-5.  All  exempt  level  protective  equipment  is  worn 
during  the  transport  and  storage  procedure. 

b.  The  priuary  container  in  the  secondary  container  is  stored  in  the 
freezer  in  Room  47A,  which  is  secured  by  locking  the  door  with  an 
approved  cocbination  lock  and  hasp. 

6.  Microplate  Assay  Procedure: 

a.  The  microtiter  plate  reader  is  turned  on  and  progranwed  to  read 
absorbance  at  414  na  for  up  to  a  5  min  period.  Recording  of 
change  in  absorbance  data  as  a  function  of  time  is  accomplished 
either  by  use  of  the  printer  on  the  microtiter  plate  reader  or  via 
electronic  data  capture  using  a  computer  connected  to  the  built-in 
data  interface  on  the  microtiter  plate  reader. 

b.  Using  the  reagents  prepared  as  described  in  Section  I.l  and 
multichannel  pipettors  (4,  8,  12,  or  96  channel,  5-150  pL), 

96-wen  flat  bottom  microtiter  plates  (8  rows  x  12  columns)  are 
prepared  for  each  AChE  assay. 

•  Initialize  each  microtiter  plate  by  collection  of  a  blank 
reading  against  air. 
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•  AChE  Controls  -  Pipette  10  /jL  of  assay  buffer  into  each  well  of 
the  plate  (a  aiiniinua  of  4  wells  is  required  for  each  aging  time 
point  to  be  estimated).  Add  20  of  AChE  assav  solution  and 
incubate  at  rooo  temperature  for  tne  specified  aging  interval 
(ro  simulate  aging  time).  After  a  ninimiua  of  IS  sec,  add  20  ;tL 
of  assay  buffer.  Following  incubation  for  the  aging  interval, 
add  20  fiL  of  assay  buffer  or  2.3  mH  HI>6  and  incubate  at  room 
temperature  for  5  min,  then  assay  for  AChE  activity. 

•  GU-Inhibited  AChE  Controls  -  Pipette  10  ;iL  of  XCSM  GO  solution 
into  each  well  of  the  plate  (minimun  4  wells  for  each  aging 
time).  Add  20  ;tL  of  AChE  assay  solution  at  tine  0  and  20  ;tL  of 
assay  buffer  and  incubate  for  at  least  15  sec.  Incubate  for  the 
specified  aging  time,  add  20  jtL  of  HI-6  solution,  then  incubate 
for  S  min  and  assay  for  AChE  activity. 

•  Reactivator  Controls  -  Pipette  10  jii  of  assay  buffer  into  each 
well  of  the  plate.  Add  20  of  AChE,  after  at  least  15  sec, 
add  assay  solution.  Add  20  ;iL  of  AChE  assay  buffer  into  each 
well  (a  ainiaua  of  4  wells  for  each  P&T  compound  concentration 
and  aging  time  combination).  Incubate  for  the  specific  aging 
interval  to  simulate  AChE  aging  time,  th>.n  add  20  ;tL  of  the  HI-6 
solution.  Incubate  for  5  min  and  assay  f^r  AChE  activity. 

•  Reactivation  S^Ies  •  Pipette  10  ;iL  of  XCSM  GO  solution  into 
each  well  (a  minimum  of  4  wells  per  each  reactivatcr 
concentration  and  aging  time  combination).  Add  20  /(L  of  AChE 
assay  solution  and  incubate  for  at  least  IS  sec.  Add  20  ;tl  of  a 
candidate  P&T  solution  and,  after  the  designated  aging  time,  add 
20  /ti  of  HI-6  solution.  Incubate  for  5  min  and  assay  for  AChE 
activity. 

c.  The  AChE-GO  aging  time  permits  can  be  as  short  as  30  sec.  The 
aging  periods  used  is  dependent  upon  the  aging  rate  of  GO- 
inhibited  AChE.  This  may  vary  between  species. 

d.  Assay  for  AChE  Activity:  Following  incubation,  add  75  ;cL  of 
0.84  oH  0TN8  solution  to  each  well  and  mix  for  30  sec.  When 
erythrocyte  AChE  preparations  are  used,  this  time  interval  should 
be  increased  to  90  sec.  ATCHI  substrate  (75  /tL)  solution  is  then 
added  to  each  well  and  the  plate  is  covered  with  transparent  tape 
and  placed  on  the  microplate  reader.  Readings  at  414  nm  are 
initiated  45  sec  following  the  addition  of  ATCHI  and  are  collected 
at  regular  intervals  for  up  to  5  min. 
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7 •  C03AS/FARA  Centrifugal  .Analyzer  Assay  Procedure: 

a.  This  sethod  was  developed  as  an  alternative  to  the  sicroplate 
assay  procedure  for  testing  the  effect  of  P&T  coopounds  on  aging 
of  GO-inhibi;ed  AChE.  It  wy  be  used  for  studies  iwhere  the 
■inioua  aging  tiiae  is  greater  than  1  ain.  The  various  incubation 
tines  nay  be  cnenged  relative  to  the  denands  of  the  protocol  used. 
The  C03AS/FARA  is  turned  on  and  the  GD  reactivator  prograa  is 
utilized.  This  program  siaulates  the  nicroplate  assay  and 
contains  the  following  assay  paraoeters: 

Heasureoent  ^e:  Absorb 
Calibration  Mode:  Factor 
Reagent  Blank:  No  Blank 

Wavelength:  410  na 
Teaperature:  25  C 
Oeciaal  Position:  I 
Unit:  aU/aL 

Analysis: 

(1)  Saa^tle  (Enzyme):  10  Diluent:  5 /iL 

(2)  Incubation:  5  sec 

(3)  Reagent  1  (XGO):  10  pL  Diluent:  5  ;tL 

(4)  Incubation:  5  sec 

(5)  Reagent  2  (P&T  Coapound  or  Assay  Buffer) :  20  ;tL 
Diluent:  0 

(S)  Incubation:  5  sec 

(7)  Reagent  4  (Reactivator;  e.g.,  HI-6):  20 /iL 

(8)  Incubation:  300  sec. 

(9)  Reagent  3  (OTHB):  150 

(10)  Incubation:  120  sec 

(11)  Start  Reagent  (ACTI):  10  ;iL 

(12)  Readings:  The  total  reading  tine  and  interval  reading  time 
are  such  to  permit  accurate  kinetic  analysis.  For  monkey 
erythrocyte  cholinesterase,  readings  arc  taken  at  least  one 
reading  every  2  min  up  to  a  total  of  14  min. 
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(13)  Calculations:  The  units  to  which  the  conversion  factor  is 
derived  are  those  mandated  by  the  protocol,  otherwise, 
standardized  conversion  factors  nay  be  calculated  as  shown 
below: 

Conversion  Factor  (U/mL)  ■  0.25/(13.6*0.010)  »  1.833 
where: 

0.25  >  square  ca  area  of  the  cuvette 
13.5  ■  bH  absorptivity  of  0TN8 

0.010  -  saaple  volume,  in  nl,  used  in  absorptivity 
aeasureaent 

Because  the  values  obtained  us'ng  a  factor  which  results  in 
U/oL  are  usually  less  than  1.0,  the  units  nay  be  converted  to 
BlI/mL  by  substitution  of  1,838.0  as  the  conversion  factor 
used  in  the  prograa.  The  units  nay  also  be  expressed  as  a 
function  of  the  total  reactant  voluae  O.OS  dL)  by 

substitution  of  the  total  reactant  volume  value  for  that  of 
the  saaple  voluae  in  the  above  equations. 

Sanple  Calculation:  The  kinetic  prograa  on  the 
instruaentation  determines  change  in  absorbance  per  nin  from 
the  data  it  collects.  This  is  converted  to  nU  AChE  per  ml  by 
multiplying  by  the  conversion  factor. 

AChE  (mU/at)  •  (change  in  absorbance/nin)  *  (conversion 
factor) 

b.  As  required  for  AChE  samples  from  different  species,  alterations 
in  the  temperature  or  the  volumes  of  Steps  1  to  5  nay  be  made.  If 
the  sample  voluae  is  changed,  then  the  conversion  factor  will  need 
to  be  changed  as  indicated  in  the  sanple  calculation  equation. 

The  total  voluae  of  Steps  1  to  5  should  equal  50  pL.  Section  5. a. 
is  repeated  at  least  two  tines  using  a  different  length  of 
incubation  with  each  repetition.  The  tine  length  used  in  Step  6 
will  depend  on  the  species  froa  which  the  erythrocytes  are 
obtained. 

c.  This  assay  nay  be  used  for  determining  the  aging  rate  of 
erythrocyte  AChE  by  keeping  assay  buffer  as  Reagent  #2.  This  may 
be  perfon^  on  AChE  samples  that  have  not  naxinally  aged  by  5  rain 
of  GO  addition.  Section  12. b  would  be  replaced  with  additional 
Step  6  times  ranging  between  5  sec  to  16  nin.  If  a  longer 
incubation  time  than  16  rain  is  required,  a  second  incubation  step 
may  be  included  in  between  Steps  6  and  7. 
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Decontamination:  Proper  protective  equipment  and  clothing  must  be 
utilized  throughout  these  operations  in  accordance  with  FSSP  SOPs  MREF-23 
and/or  MREF-25.  All  absorbent  material  covering  the  hood  surface  will  be 
placed  in  the  decontaminating  solution  after  each  operation.  All 
disposable  glassware  in  hoods  will  be  submerged  in  the  appropriate 
decontaminating  solution  (10  peixent  NaOH)  overnight.  All  non-disposable 
glassware  in  hoods  will  be)  filled  with  the  appropriate  decontaminating 
solution  (10  percent  NaOH)  overnight.  Materials  left  to  soak  in 
decontaminating  solution  overnight  will  be  removed  from  the  hood  on  the 
next  work  day.  The  glassware,  equipment,  or  non-expendable  materials  are 
rinsed  with  water  and  removed  from  the  hood.  Expendable  items  may  be 
placed  directly  into  a  primary  plastic  bag  within  the  hood.  The  primary 
',jlastic  bag  is  then  sealed  with  adhesive  tape  and  placed  inside  another 
plastic  bag,  which  is  then  sealed  with  adhesive  tape  to  provide  double 
containment  of  decontaminated  materials. 

Sags  of  waste  must  be  labeled  ‘Decontaminated  Materials*  with  type  of 
XCSH,  date  of  bagging,  bag  identification  number,  and  name  of  person 
packaging  the  decontaminated  materials  in  accordance  with  MREF  SOP-83-3, 
Section  H.  The  double-contained  materials  can  then  be  incinerated. 

Emergency  ProcHures;  If  a  XGO  spill  occurs,  decontamination  solution  (10 
percent  NaOH)  located  within  the  hood  is  gently  poured  or  swabbed  with 
soaked  absorbent  paper  held  with  forceps  on  the  area  in  an  amount  that  is 
at  least  tenfold  in  excess  of  the  spill.  Decontaminating  solution  is  then 
absorbed  with  diat$»ace<3u3  earth  or  other  absorbent  and  deposited  into 
double  plastic  bags.  The  cleaning/atsorption  procedure  is  repeated  again. 

In  the  event  of  any  incident  or  exposure,  the  MREF  Manager  or  his  designee 
must  be  notified  immediately. 

First  Aid  Procedures;  Make  suns  that  you  protect  yourself  from 
contamination  by  the  casualty.  Mask  if  in  doubt.  Personnel  exposed  to  a 
toxic  agent  will  be  removed  immediately  to  a  shower  area  where  washing  and 
first  aid  can  be  administered  by  co-workers.  If  there  is  any  question 
about  the  source  of  contamination,  place  the  victim  under  the  emergency 
shower.  Wash  the  victim  down  with  soap;  do  not  scrub  as  this  may  enhance 
penetration.  Notify  MREF  on-site  medical  personnel  as  quickly  as 
possible. 

1.  Emergency  Treatment  for  XGO: 

a.  Erergency  decontamination  when  the  source  of  contact  is  certain: 
Remove  contaminated  clothing.  Transfer  the  victim  to  clean  area 
and  thoroughly  decontaminate  with  5  percent  NaOCl  only  in  the 
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areas  below  the  eyes  in  the  position  in  which  the  victim  is  being 
held.  Wash  skin  at  once  with  diluted  chlorine-type  bleach  and 
rinse  with  copious  amounts  of  water.  Rinse  eyes  with  water  only; 
rinsing  a  minimua  of  10  min  at  the  eyewash  fountain. 

Oecontaainate  with  dry  tissue  or  absorbent  paper  followed  by  water 
in  areas  close  to  the  eyes.  Observe  victim  for  signs  and  symptoms 
of  GO  intoxication. 

b.  Emergency  decontaaination  when  source  of  contact  is  uncertain: 
Place  victim  in  shower  and  remove  clothing.  Observe  for  signs  and 
symptoms  of  GO  intoxication. 

c.  If  victim  has  systems  of  anticholinesterase  poisoning  beyond 
miosis,  inject  him  with  the  contents  of  the  atropine/2-PAM 
autoinjectors  at  intervals  of  5-10  min  up  to  a  maximum  of  three 
injections.  Note  time  of  each  injection  on  the  victim  for 
reference  by  physician. 

d.  If  victim  has  stopped  breathing,  employ  resuscitation  with  the 
ambu-bag  isawdiately.  Use  the  atropine  autoinjectors  after  you 
have  successfully  succeeded  in  restoring  respiration. 

2.  At  the  direction  of  the  HREF  Manager  or  on-site  Medical  Officer  the 
decontaminated  individual  may  be  transported  by  ambulance  to  a  local 
hospital  for  further  observation  and  treatment. 

3.  In  the  event  of  any  exposure,  the  WIEF  Manager  or  his  designee  must  be 
summoned  after  the  immediate  emergency  is  taken  care  of  and  informed 
of  the  exposure. 

M.  Data  Calculations  and  Analysis; 

1.  Using  their  respective  reagent  blank  values,  the  GO-inhibited  AChE 
control  (£1),  reactivator  control  (ER),  and  reactivator-treated  aged 
AChE  (EIR)  values  are  corrected  for  any  absorbance  change 
contributions  from  each  reactivator  on  assay  reagents.  Control  AChE 
(E)  values  are  used  as  the  basis  for  all  percentage  estimates  of 
reactivator  effectiveness.  The  values  described  above  are  used  to 
calculate  the  percent  reactivation  for  each  reactivator  (at  each 
addition  time  and  reactivator  concentration  tested)  using  the 
procedure  recommended  by  Keijer  et  al.: 

E 

EIR  X  E5  -  El 

%  reactivation  •  -  x  100 

E  -  El 
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2.  These  percentage  reactivation  estimites  are  then  converted  to  log^g 
values  Mhich  are  used  to  cospare  the  ability  of  each  candidate 
reactivator  to  inhibit  the  GD  aging  rate  of  AChE  at  the  various 
addition  tiaes  versus  the  siai lar  values  for  a  standard  reactivator 
(which  are  selected  by  the  protocol  used).  This  coaiparison  is 
perforoed  using  linear  regression  estiutes  for  the  slope  where  logj, 
percent  reactivation  is  the  dependent  variable  and  tioe  of  reactivator 
addition  following  GO  addition  is  the  dependent  variable.  A  compound 
that  decreases  the  GO-aging  rate  as  well  as  or  better  than  the 
baseline  value  is  consider^  a  positive  candidate  compound. 

N.  References; 

1.  Puu,  G.,  Artursson,  and  Bucht,  6..  Biochea.  Pharmacol., 

35(9),  1505,  1936. 

2.  Keijer,  J.  H.,  Wolring.  G.  Z,  and  deJ»‘.g,  L.  P.  A.,  Biochea.  Biophys. 
Acta,  334,146.  1974. 
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STANDARD  OPERATING  PROCEDURE  89-55 


Analysis  and  Structural  Verification  of 
Atropine  Base  in  Citrate  Buffer 


A.  Statwent  of  Work:  This  SOP  describes  the  entire  procedures  for 
verification  of  identity  and  quantitative  measureinent  of  atropi'ie  free 
base  by  high  performance  liquid  chromatography  (HPLC).  The  procedures  for 
structural  verification  by  nuclear  magnetic  resonance  (NMR)  of  atropine 
present  in  drug  formulations  are  also  described.  The  HPLC  effort  can  be 
conducted  at  either  the  MREF,  HHL  or  King  Avenue,  but  the  NMR  requires  the 
facilities  at  King  Avenue. 

B.  Responsibility: 

1.  K~sonnel  Qualifications: 

All  technical  staff  Mill  be  familiar  with  handling  hazardous  materials 
within  the  laboratory.  Personnel  performing  the  following  procedures 
■ust  read  and  sign  this  SOP. 

2.  Leaders:  Leadtirs  of  each  operation  will  be  designated  by  the  Study 
Director  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  S.l  are  allowed  in  the  room  during  operations. 

b.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

c.  All  leader  and  technical  staff  responsibilities  specified  in  the 
MREF  or  HW.  FSSP  are  followed  when  work  is  conducted  at  the 
respective  laboratories. 

d.  Each  MREF  and  HML  employee  has  been  trained  in  the  techniques  of 
administering  first  aid  and  self  aid. 

e.  Work  under  this  SOP  is  performed  only  in  the  area(s)  or  roorr(s) 
designated  by  this  SOP. 
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f.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

g.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 

h.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  niust  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  from  injury  and  to  prevent 
damage  to  material,  equipment,  and  facilities. 

4.  Research  Oroani zation;  The  organization  invol-^ed  in  this  research  is 
the  MSF.f'  of  Sattelle  Memorial  Institute,  505  King  Avenue,  Columbus, 
Ohio  43201-2593. 

C.  Materials  To  8e  Used: 

1.  Solvents  and  Chemicals;  The  atropine  sulfate  solid  which  will  bf  used 
on  this  pi-ogram  for  preparation  of  analytical  standards  will  be 
provided  by  the  U.S.  Army  Medical  Research  and  Development  Coarnnd 
(USAMfiOC)  or  a  source  which  can  provide  an  established  purity. 

If  the  atropine  dosing  solution  is  not  received  in  a  pre-packaged  form 
upon  receipt,  the  atropine  dosing  solution  in  citrate  buffer  will  be 
stored  in  subdued  lighting  at  4  C.  If  a  pre-packaged  form  has  been 
received,  it  will  be  stored  as  directed  by  the  supplier. 

NMR  spectra  will  be  obtained  on  dilute  solutions  of  the  drug  dissolved 
in  >  99.8  percent  deuterium  oxide  (Stohler  Isotope  Chemicals  or 
equivalent).  NMR  tubes  will  be  the  Stohler  Isotope  Chemicals  'Ultra 
Precision*  model  or  the  equivalent  model  from  other  manufacturers. 

Other  materials  will  include  acetonitrile  (Burdick  and  Jackson  HPLC 
Grade),  methanol  (Burdick  and  Jackson  HPLC  Grade),  benzene  (Burdick 
and  Jackson  HPLC  Grade),  deionized  water  or  millipore  water,  glacial 
acetic  acid  (Baker  Reagent  Grade),  tetrabutylammonium  chloride 
(Aldrich  98>  percent),  sodium  lauryl  sulfate  (Aldrich  98  percent), 
sodium  heptane  sulfonate  (I-heptane  sulfonic  acid,  sodium  salt) 

(Aldrich  98*-  percent),  tetramethyl ammonium  chloride  (Aldrich  98+- 
percent),  and  helium  or  nitrogen  gas. 
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0.  Equipment:  Freezer,  refrigerator,  labels,  first-aid  kit,  plastic-backed, 
absorbent  paper,  squirt  bottles,  wiping  tissues,  beakers,  bottles,  maxi- 
vials,  pipettes,  pipette  bulbs,  tissue  paper,  laboratory  coat,  protective 
eyewear,  spatula,  stainless-steel  pans,  glass  stir  rods,  syringes, 
needles,  forceps,  and  latex  gloves. 

Proton  NMR  spectra  will  be  obtained  on  Battel le's  Varian  CFT-20  Fourier 
transform  NMR  spectrometer  located  in  Room  7237-A  of  the  King  Avenue 
faci 1 ity. 

The  HPLC  analytical  system,  to  be  used  consists  of  the  following:  HPLC 
pump,  HPLC  ultra  violet  (UV)  detector,  KPLC  injection  system 
(autosampler),  analytical  column,  strip-chart  recurder  (optional), 
electronic  data  system.  Any  equivalent  system  nay  be  used  once 
confirmation  of  performance  has  been  established. 

E.  Hazards  Involved: 

1.  Solvents:  The  solvents  used  in  preparing  the  dilute  material  ay  have 
Fazards 'associated  with  their  use.  A  copy  of  the  Material  Safety  Data 
Sheats  (MSOS)  is  available  from  the  manufacturer  or  through  Battel le's 
Safety  Office  at  SOS  King  Avenue.  A  brief  listing  of  hazards 
associated  with  handling  the  more  commonly  used  solvents  has  been 
included: 

a.  Acetonitri 1e;  Acetonitrile  is  a  flaatnable  liquid  that  must  be 
handled  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  acetonitrile  is  S.56  C.  The  1933-1939  ACGIH  TL'/  fer 
acetonitrile  is  40  parts  per  million  (ppm)  as  an  8-hr  TWA  and 

60  ppm  as  a  IS-^in  STEL.  Skin  contact  may  also  represent  a 
significant  route  of  exposure. 

b.  Methanol :  Methanol  is  a  flammable  liquid  that  must  be  handled  as 
a  solvent  with  a  dangerous  fire  risk.  The  flash  point  (open  cup) 
of  methanol  is  12.2  C,  with  an  autoignition  temperature  of  464  C. 
The  1988-1989  ACGIH  TLV  for  methanol  is  200  ppm  as  an  8-hr  TWA  and 
250  ppm  as  a  15-*in  STEL.  Also,  skin  contact  may  represent  a 
significant  route  of  exposure. 

c.  Benzene:  Benzene  is  a  flammable  liquid  that  must  be  handled  as  a 
solvent  with  a  dangerous  fire  risk.  Benzene  is  toxic  by 
ingestion,  inhalation,  and  skin  absorption.  Benzene  is  regulated 
as  a  carcinogen  by  the  Occupational  Safety  and  Health 
Administration  (OSHA)  resulting  in  excess  leukemia.  Containers 
must  say  "DANGER  CONTAINS  BENZENE  CANCER  HAZARD."  OSHA  3-hr 
permissible  exposure  limit  (PEL)  •  I  ppm,  Action  Level  ■  0.5  ppm. 
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F.  Safety  Requirements: 

1.  Hoods :  Hood  ft.^*  velocity  must  average  100  i  20  Ifpm.  The  average  is 
computed  from  inuividual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  No  equipment  will  be 
within  20  co  of  the  face  of  the  hood. 

2.  P^tectiv*  Eauioment;  When  working  in  the  laboratory,  the  following 
cTothmg  and  protective  gear  are  required  as  a  minimum  for  all 
personnel.  This  equipment  must  be  used  as  directed  in  the  FSSP. 

lab  coat 

latex  gloves  (as  needed) 
protective  eyewear 

All  provisions  of  the  fSS?  apply  to  the  checking  and  testing  of 
gloves,  aprons,  and  other  protective  equipment. 

3.  First  Aid:  The  location  of  the  nearest  eye-wash  fountain,  shower,  and 
fire  extinguisher  will  be  known  to  all  workers  before  work  begins. 

G.  Procedures; 

HP-f  Entry:  Before  entering  the  secured  facility,  note  the  status  of 
Uie  "Aqent-in-Use"  light  at  tha  turnstile,  ff  the  •Agent-in-Use* 
lights  sre  turned  on,  note  the  room  location  and  be  sure  that  upon 
entry  to  the  labar3toi7  area  all  safety  equipment  and  procedures 
described  in  FSSP  SCP  HREF-IS  are  in  place.  iJpon  entry  of  the  rooa, 
confirm  that  there  are  no  audible  alarms.  No  operations  can  be 
initiated  in  a  room  with  audible  alarms.  After  entry,  personnel  will 
observe  the  magnehelic  gauge  on  the  hood.  If  inspection  reveals  that 
the  hood  has  failed,  is  marginal  in  flow,  or  operates  outside  the 
guidelines  of  FSSP  SOP  HREF-21,  the  problem  is  reported  to  the  HREF 
Manager  and  the  operation  does  not  begin. 

2.  Hood  Set  Uo;  The  operation  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8-inch  line  in  the 
hood. 

3.  Sample  Preparation:  The  drug  formulation  samples  provided  for 
analysis  will  be  manipulated  so  that  the  interference  of  solvents  and 
other  components  associated  with  the  samples  is  minimited  to  provide 
relatively  pure  drug  samples  for  NMR  analysis. 
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HPLC  analyses  may  be  performed  on  either  the  dosing  formulations  as 
received,  dilutions  of  the  parent  materials,  or  on  reference  standard 
solutions  of  known  concentration. 

a.  Analytical  Reference  Standard:  Solid  atropine  sulfate  standard 

used  as  a  reference  material  is  dried  at  100  C,  0.4  mm  Hg  for  3  hr 
prior  to  use  in  a  vacuum  oven.  This  ir  performed  by  placing  the 

solid  material  contained  in  its  original  container  which  has  had 

its  cap  removed  into  a  pre-heated  oven.  The  oven  is  sealed  and 
the  vacuum  adjusted  to  0.4  mm  Hg. 

b.  NMR:  For  the  NMR  sample  preparation.  1  mL  of  test  sample  is  made 

basic  with  2.0  mL  of  0.1  M  sodium  hydroxide  to  reach  a  pH  of 

approximately  13  (verified  by  color  pHast  paper).  This  solution 
is  starred  rapidly  with  benzene  (5.0  aL)  for  15  min  and  then 
poured  through  Whatman  Ips  phase  separation  paper  (with  l.O-mL 
benzene  rinse).  The  filtrate  is  stirred  for  1  min  with  2.0-raL 
deionized  water  and  this  mixture  is  passed  again  through  a  fresh 
phase  separation  paper  (with  1.0-mL  benzene  rinse).  The  benzene 
filtrate  is  evaporated  in  a  rotary  evaporator  to  yield  atropine  as 
its  free  base.  The  sulfate  is  reformed  by  adding  a  slight  molar 
excess  of  dilute  OjSO^  in  O2O  to  the  free  base. 

samples  are  prepared  by  transfer  of  the  deuterium  oxide 
solution  and  transferred  into  an  MH3  tube  (tube  capped  after 
transfer)  for  hMR  analysis. 

c.  HPLC  Analysis:  Samples  are  either  analyzed  directly  or  can  be 
(ii luted  so  that  the  expected  concentration  range  is  between  0.1 
and  1.0  ng/mL. 

4.  Preparation  of  Standard  Solutions;  Standard  solutions  of  atropine 
sulfate  are  prepared  for  reference  spectrum  and  HPLC  standard 
curve  determinations. 

a.  NMR'  Within  a  glove  bag  thoroughly  flushed  with  dry  nitrogen  or 
argon,  weigh  10  t  0.1  mg  of  atropine  sulfate  onto  weighing  paper. 
Transfer  the  sample  into  a  screw-capped  bottle  and  close  tightly. 
Outside  the  bag,  dissolve  the  sample  in  an  accurately  measured 
volume  of  10.0  mL  of  deuterium  oxide  and  recap  the  bottle  to 
minimize  the  contamination  of  the  sample  with  undeuterated 
moisture. 

b.  HPLC:  Weigh  50  -  0.1  mg  of  atropine  sulrate  onto  weighing  paper. 
Quantitatively,  transfer  the  sample  into  a  50-mL  volumetric  flask 
containing  aoprox’mately  40  mL  of  mobile  phase  (see  Section  G.6.b) 
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Mix  the  solution  thoroughly  on  a  vortex  mixer.  Dilute  to  50.0  mL 
with  the  mobile  phase  and  remix  the  solution.  The  resulting 
concentration  of  the  atropine  sulfate  will  be  approximately 
I  irg/mL. 

Mix  and  dilute  the  atropine  sulfate  stock  solution  with  the  mobile 
phase  as  foi lows: 

10.0-fliL  stock  0.0-mL  mobile  phase 
S.O-mL  stock  S.O-mL  mobile  phase 

2.5-mL  stock  7.5-mL  mobile  phase 

1.0-ml.  stock  +•  9.0-siL  iMoile  ihase 

Q.O-mL  stock  10.0-ml  mobile  ohase 

The  atropine  sulfate  concentrations  obtained  are  1.00,  O.SO,  0.25, 
0.10,  and  0.0  mg  per  ml. 

Diluted  standard  solutions  are  kev.  refrigerated  until  use. 
Standards  aay  be  kept  refrigerated  for  up  to  30  days. 

S.  Analysis  Start-Uo;  NMfi  is  perr'orsed  to  verify  the  structure  of 

atropine  sulfate.  HPLC  is  performed  to  quantitatively  determine  the 
concentration  of  atropine  sulfate  and  confirm  the  identity  of  the 
atropine  in  the  saiaples. 

a.  NW:  Calibrate  the  f(.MS  instrument  and  data  system  according  to 
Tnstructions  in  the  operator’s  aa.Uia’.  lihen  properly  calibrated 
against  the  standard  reference  solutions  identified  in  the  manual, 
proceed  with  the  analysis  Section  S.7.a. 

b.  Quantitative  HPIC:  Prepare  HPLC  mcbile  phase  for  quantitative 
analysis  by  dissolving  2.2  g  of  sodium  heptane  sulfonate 
(I'heptane  sulfonic  acid  sodium  salt)  and  2.7  g  of 
tetraaethylaamonium  chloride  in  approximately  90  id  of  deionwed 
water.  Add  1.0  mL  of  glacial  acetic  acid  and  dilute  to  1  L  and 
mix.  Filter  buffer  solution  before  using. 

The  mobile  phase  nay  be  established  using  a  gradient  system  with  a 
78  oercent  buffer  :  2  percent  methanol  :  20  percent  acetonitrile 
ratio  or  mixed  prior  to  analysis.  To  mix  the  mobile  prior  to 
analysis,  add  780  mL  of  the  buffer  prepared  above  to  a  1*L  glass 
bottle,  add  20  mL  of  methanol  and  200  mL  of  acetonitrile  and  mix. 
Cree  the  buffer  has  been  prepared,  it  must  be  filtered  and  used 
within  30  days. 
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Insure  that  the  appropriate  analytical  column  has  been  installed 
in  the  analytical  systeo,  and  that  the  injector  is  equipped  with 
at  least  a  20  >tL  sample  injection  loop. 

All  aobile  phase  oust  be  filtered  and  degassed  for  at  least  S  min 
with  nitrogen  or  heliua,  prior  to  use. 

The  detector  and  the  punp  nust  be  turned  on  for  a  warm-up  period 
of  at  least  IS  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  ■l/min  during  the  waro-up  period.  After 
approximately  IS  min,  measure  the  flow  for  S  min  with  a  10-mL 
graduated  cylinder.  The  flow  rate  oust  be  set  at  1.0  ±  0.1 
mL/min.  Adjust  the  flow  rate  setting  on  the  pump  controller  if 
necessary  to  obtain  an  actual  flow  rate  within  these  limits  and 
re-check  flow. 

After  the  pump  has  been  on  for  30  min,  adjust  the  detector  zero 
with  the  balance  control  with  the  detector  attenuation  set  at  the 
appropriate  attenuation.  Adjust  the  recorder  to  electrical  zero 
at  'O*  chart  units.  Adjust  the  detector  zero  to  slightly  above 
th«  electrical  zero  position  with  the  recorder  balance  control. 

c.  Ht^C  Identity  Confirmation;  Prepare  HPLC  aobile  phasii  for 

identity  confirmation  by  adding  6.0  g  of  sodium  lauryl  sulfate  and 
1.0  g  of  tetrabuty I ammon i ua  nitrate  to  a  l-L  volumetric  flask  and 
dissolve  the  reagents  in  approximately  SOO  ml  of  deionized  water. 
Add  20  mL  of  glacial  acetic  acid  to  the  solution  and  mix.  The 
volumetric  flask  is  filled  to  the  l-L  mark  and  the  solution 
re-mixed.  Filter  the  solution  with  a  S  ^um  filter  and  store  in  a 
clean  glass  bottle.  Use  within  30  days. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
60  percent  buffer  :  40  percent  acetonitrile  ratio  or  mixed  prior 
to  analysis.  To  mix  the  mobile  prior  to  analysis,  add  600  mL  of 
the  buffer  prepared  above  to  a  l-L  glass  bottle  and  add  400  »L  of 
acetonitrile  and  mix.  Once  the  buffer  has  been  prepared  it  must 
be  used  within  30  days. 

Insure  that  a  Supelco  LC-l  column  or  equivalent  has  been  connected 
to  the  injector  and  detector  and  the  injector  is  equipped  with  a 
20  pL  samole  injection  loop. 

All  mobile  phase  must  be  degassed  for  at  least  5  min  with  helium 
or  nitrogen  prior  to  use. 
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The  detector  and  the  pump  oust  be  turned  on  for  a  ^arm-up  period 
of  at  least  15  ain  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  inL/min  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  10-mL 
graduated  cylinder.  The  flow  rate  should  be  1.0  ±  O.l  mL/min. 
Adjust  the  flow  rate  setting  on  the  pump  if  necessary  to  obtain  an 
actual  flow  rate  within  these  limits  and  re-check. 

After  the  pump  has  been  on  for  30  ai.n,  adjust  the  detector  zero 
with  the  balance  control  with  the  detector  set  at  the  appropriate 
attenuation.  Adjust  the  recorder  to  electrical  zero  at  *0*  chart 
units.  Adjust  the  detector  zero  to  slightly  above  the  electrical 
zero  position  with  the  recorder  balance  control. 

6.  Analysis  of  Samples;  hMR  is  performed  for  structural  confirmation. 
HPLC  stanoards  and  collected  samples  are  analyzed  to  determine 
concentration  and  identity  confirmation. 

a.  NM:  Multiple  acquisitions  (>  ICO  transients)  are  generally 
required.  Spectra  will  be  printed  on  standard  NHR  paper  and 
computer  referenced  to  the  chemical  shift  of  sodium 
2,2>dimethyl-1-si1apentane-3-suIfonate  determined  on  the  same  day 
to  facilitate  interpretation. 

Quanfitative  HPIC;  The  fonowing  is  a  set  of  HPLC  conditions  that 
haveTeeiTTounT'to  be  satisfactory  for  quantitative  analysis  of 
atropine  sulfate  by  HPLC  (reference  1): 

Column:  CIS  u-8ondapak  or  ^uivalert,  ZSO-mm  long  x  inner 

diaawter  witn  5  micron  particle  size. 

Mobile  Phase:  See  Section  €.6.b 

Detector:  UV  ^  260  na 

How  Rate:  1.8  mC/min 

Injection  Volume:  20  ^L 

For  quantitative  analysis  of  atropine  sulfate  samples,  transfer 
1-«L  duplicate  aliquots  of  each  atropine  sulfate  standard  to 
autosartpler  vials  and  place  the  vials  in  the  autosiiipier  in 
ascending  concentration  order.  Set  up  the  data  system  to  acquire 
data  for  each  standard  as  described  in  the  instruction  manual. 
Transfer  1-mL  duplicate  aliquots  of  each  saqile  to  autosairpler 
vials  and  place  the  vials  in  the  autosampler. 
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For  every  ten  saaples  to  be  analyzed,  one  blank  sample  and  one 
standard  oust  be  analyzed  as  a  ainiaua.  All  saaples  oust  be 
analyzed  under  the  same  conditions  as  used  for  the  standards. 

HPIC  Identity  Confirmation:  For  confirmation  of  the  identity  of 
atropine  sulfate  by  hPlC.  a  second  set  of  HPLC  conditions  is 
eoployed.  The  following  is  a  set  of  HPLC  conditions  found  to  be 
satisfactory  for  the  confiroation  of  atropine. 

Coluon:  Supelco  LC>1.  2S0-aa  long  i  4.6-aB  inner  diaaeter,  with 
S  aicron  particle  size. 

Mobile  Phase:  See  Section  G.6.c 

Detector:  UV  •  2S4  na 


Flow  Rate:  1  aL/ain 


Injection  Voli 


20  ^ 


For  confiraation  purposes,  analyze  an  atropine  sulfate  standard 
and  a  sample  frm  the  formulation  under  these  HPLC  conditions. 

7.  Instrument  Shut-Down: 

a.  When  the  instruoent  is  not  to  be  used  for  extended  periods  of 
tiae,  the  system  must  be  shut  down  following  oanufacturer’s 
instructions  to  ensure  column  life  and  instruoent  stability. 

b.  For  overnight  shut-dMn,  turn  off  the  UV  detector,  chart  recorder, 
and  pump  controller. 

c.  For  weekend  shut-down,  follow  the  saae  procedure  as  for  overnight 
shut-down  but  also  cap  off  the  analytical  coluon  to  prevent  the 
solid  phase  froa  drying. 

3.  Data  Reduction;  The  HMR  spectra  obtained  in  Section  G.7  are  coopared 

to  reference  NMR  spectra  for  atropine  to  verify  structural  identity. 

The  HPLC  saaples  analyzed  in  Section  G.7  are  compared  with  results 

obtained  from  known  reference  standards  to  deteraine  concentration. 

a.  HMR;  Compare  the  NMR  spectrum  for  the  sample  with  the  spectrum 
ootained  for  the  atropine  sulfate  reference  standard.  Verify 
correspondence  of  chemical  shifts,  multiplicities,  and  intensities 
for  structural  verification  in  conjunction  with  HPLC  findings. 
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b.  Quantitative  HPLC:  Obtain  nrlr.touts  of  the  peak  areas  for  each 
stanaard  and  sample  as  describtd  in  the  data  system  instruction 
nanual.  Prepare  a  standard  curve  from  the  peak  areas  versus 
concentration  of  the  standards 

Oeteneine  the  atropine  sulfate  concentration  in  the  samples  and 
control  standards  using  the  standard  curve.  If  necessary,  correct 
any  dilution  made  to  the  sample:  prior  to  analysis. 

If  the  response  for  any  of  the  control  standards  varies  from  the 
predicted  response  by  nore  than  *  10  percent,  then  the  samples 
associated  with  that  standard  a-e  reanalyzed. 

c.  HPLC  Identity  Confirmation:  HPLC  confirmation  of  the  identity  of 
atropine  sulJ'ate  is  performed  by  analysis  under  a  second  set  of 
HPLC  conditions.  Compare  the  retention  times  and  relative 
responses  of  the  atropine  sulfate  reference  standard  and  sample 
peak  for  structural  confirmation  in  conjunction  with  the  first  set 
of  HPLC  results  and  KMI  conclusions. 

H.  ^rqencv  Procedures;  All  personnel  involved  in  the  HM.  or  MREF 
Taboritoipy  operations,  must  be  familiar  with  the  respective  laboratory's 
F5S?,  and  the  eniergency  procedures  detailed  within  this  document.  All 
persomiel  involved  in  the  King  Avenue  operation  must  be  familiar  with  HCS 
H/SP  S*0l  and  the  emergency  procedures  detailed  within  this  dociimsnt. 

I.  First  Aid  Procedures;  First  aid  and  self  aid  at  the  KRCF  are  to  be 
conducted  as  specified  in  the  FSSP. 

J.  References; 

1.  'Assay  of  Formulated  Atropine  Solution,  WR-6241AK,  8107753,  Lot 
Ho.  RU7144.*  Report  No.  527,  Contract  No.  DAH017-85-C-5141,  SRI 
International  Project  No.  8504,  December  10,  1985. 
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STANOAfiO  OPERATING  PROCEDURE 

HREF  sop-ag-ez 


TITLE:  Extraction  and  Analysis  of  xl-^2-Hydroxvi«inoaethYlpyn'dini urn) -2- 
I  A-CarOoxvaffliTo-PyridiniuiBl-SliTiethyl  Ether  tlichlonde  i^rom 

Blood  Using  High  PerFonBance  Liquid  throa<atoqraphy  (HPlC) 

LABORATORY:  MREF.HHL,  or  King  Ave.  SOP  APPROVAL  DATE:  T.m.  ^a  199^ 

PLACE  OF  OPERATION  OR  TEST:  Any  ^^Fetv  approved  laboratory  within  the 

approved  facnitTeT 

This  Standard  Operating  Procedure  (SOP)  has  been  prepared  as  prescribed  by 
Contract  DAH017-89-C-9050  and  will  be  effective  for  one  year  fro«  date  of 
approval  unless  sooner  rescinded  or  superseded. 


No  deviation  froa  this  SOP  will  be  pemitted.  Whenever  the  approved  oethod  is 
changed,  the  SOP  will  be  revised. 


Supervisory  personnel  will  assure  that  all  personnel  involved  with  this  SOP 
have  been  properly  trained  and  instructed  in  its  provisions  and  attest  to  this 
requireaent  by  affixing  their  signatures  on  page  3. 


A  copy  nf  this  SOP  will  be  posted  at  the  Job  site  whenever  the  operation  Is 
being  parforaed. 

Revised  8y: 


Approved  By: 


Approved  By: 
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Oavid  L.  Stitcher.  CIH,  Safety/Surety  Officer 


Printed  Naae/Ti 


Revised  June  7,  1990 


It,  fSJ 


SOP-89-62 
September  19,  1989 
Page  2 


Approved  By: 


Quality  Assurance  Unit 
Health  and  Environment  Group 
Printed  .Saae/'TtTe 


_ _ Jill?- '  jSi 

Sionature/Oate  ' * 


Charles  K.  Burdick,  Director 
Total  Quality  Program 
Health  and  Environment  Group 
Printed  Kaae/Title 


Revised  June  7,  1990 


SOP-89-62 
September  19,  1989 
Page  3 


SIGNATURES 

I  have  read  and  understand  the  contents  of  HREF  SOP-89-62. 


SlgiutUEfi 


HREF 
SOP-89-62 
September  19,  1989 
Page  4 


STANDARD  OPERATING  PROCEDURE  89-62 

Extraction  and  Analysis  of  s  l-(2-Hydroxyiminomethylpyridinium)-2- 
(4-Carbo*yamido-Pyridiniuffl)-0in«thyl  Ether  Dichloride  (HI-6)  from  Blood 
Using  High  Perforaance  Liquid  Chrooatography  (HPLC) 


A.  Stat^nt  of  Work:  This  SOP  describes  the  aethod  for  the  determination  of 
X  l-{2-hydrcxyioinoBethylpyridiniu«) -2“(4-carboxyaaido-pyridiniu!a)- 
dimethyl  ether  dichloride  {HI-6)  in  whole  biood.  The  «thod  incorporates 
centrifugation,  acidification,  and  liquid-lii  vid  extraction  for  sample 
clean-up.  The  prepared  sample  is  analyzed  by  high  performance  liquid 
chromatography  (HPLC).  ihe  s^le  preparation  and  analysis  methods 
detailed  here  were  developed  in  support  of  pharmacokinetics  studies 
performed  at  Battelle's  H^ical  Research  and  Evaluation  Facility  (HREF). 

8.  Responsibility; 

All  technical  staff  will  be  familiar  with  the  safe  handling  practices  of 
chemical  materials  within  a  laboratory.  Personnel  performing  the 
following  procedures  must  read  and  sign  this  SOP.  They  must  use  personal, 
protective  equipment  required  by  the  Facility  Safety  and  Surety  PUn 
(FSSP)  while  working  within  the  HREF  and  develop  safe  wort  habits  to 
protect  themselves  and  fellow  workers  from  injury  and  to  prevent  damage  to 
material,  equipment,  and  facilities. 

The  organization  involved  in  this  research  is  the  tSEF  of  Sattelle 
Columbus  Operations,  SOS  King  Avenue,  Columbus,  OH  43201-2693. 

C.  Materials  To  Be  Used;  Potassium  phosphate  dibasic,  I-heptanesulfonic 
acid,  triethylamine,  acetonitrile,  chloruform,  isopropyl  alcohol,  methyl 
alcohol,  trichloroacetic  acid,  HI-6,  l.l'-methylene-bis 
[4-(hydroxyiminomethyl)  pyridinium]  dichloride  (‘«B-4),  acetic  acid,  and 
potassium  hydroxide,  labels,  plastic-backed  absorbent  paper,  brown  paper, 
and  wiping  tissues. 

0.  Equipment;  Freezer,  refrigerator,  first  aid  kit,  plastic-backed,  squirt 
bottles,  beakers,  bottles,  maxi-vials,  pipettes,  pipette  bulbs,  laboratory 
coat,  safety  glasses,  spatula,  stainless-steel  pans,  glass  stir  rods, 
syringes,  needles,  forceps,  and  latex  gloves. 

E.  Hazards  Involved; 


1.  Solvents  ard  Che^ic^ls;  The  solvents  and  chemicals  used  in  this  SC? 
may  have  hazards  associated  with  their  use.  The  Material  Safety  Data 
Sheets  (MSOS)  are  available  in  the  HREF  office  files  or  through 
Battelle's  Safety  Services  Department  at  505  King  Avenue. 
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F.  Procedures: 

1.  HREF  Entry:  Before  entering  the  secured  facility,  note  the  status  of 
the  “Agent-in-Use”  light  at  the  turnstile.  If  the  "Agent-in-Use* 
lights  are  turned  on,  note  the  room  location  and  be  sure  that  upon 
entry  to  the  laboratory  area  that  all  safety  eguipnent  and  procedures 
described  in  FSSP  SOP  MftEF-18  are  in  place.  Upon  entry  of  the  room, 
confina  that  there  are  no  audible  alaras.  No  operations  can  be 
initiated  in  a  roow  with  audible  alarm.  After  entry,  personnel  will 
observe  the  sagnehelic  gauge  on  the  hood.  If  inspection  reveals  that 
the  hood  has  failed,  is  urginal  in  flow,  or  operates  outside  the 
guidelines  of  FSSP  SOP  MlEF-21,  the  problea  is  reported  to  the  HREF 
Manager  and  the  operation  does  not  begin. 

2.  Hood  Set  Up:  The  operation  hood  area  Bust  be  prepared  with  all 
oaterials  necessary  to  perfora  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8-inch  line  in  the 
hood. 

Plastic-backed,  absorbent  paper  Bust  be  used  to  protect  the  work 
surface  of  the  hood. 


Solution  Preparation; 


A.  Mobile  PhasQ  Sioffer:  Accurately  weigh  4.1  t  0.01  g 

I'hepta.'uisulfottic  acid,  and  17.4  t  0.01  g  potassiua  phosphate 
dibasic  onto  weighing  paper.  Quantitatively  transfer  each 
chaeicat  into  a  2-L  voluaetric  flask  containing  approximately 
1500  bL  Bill {pore  water.  Deliver  2.31  bL  t  0.01  of  triethylaaine 
(using  a  5,000-/d.  gas-tight  syringe)  to  the  resulting  solution  and 
Bix  well.  Adjust  the  pH  of  the  solution  to  4.1  x  0.1  with  glacial 
acetic  acid  (approx iaate I y  28  aL).  Nix  well  and  dilute  to  voluise 
with  aillipore  water.  Filter  through  a  0.45  jim  filter. 


b.  20.0  mg/wL  WB-4  Stock  Solution:  Weigh  100  e  0.01  ag  of  neat 
)MI-4  in  a  weighing  dish.  Quantitatively  transfer  the  weighed 
aaterial  into  a  S-^  volMetric  flask  containing  approxiaately 
2-bI.  Bill {pore  water.  Vortex  aix  the  solution  for  approxiBately 
30  seconds  and  dilute  to  voluae  with  aillipore  water.  Vortex  aix 
the  final  solution  for  an  additional  30  seconds  and  transfer  to  a 
teflon  cap  lined  screw  cap  vial  for  storage  and  label 
appropriately. 


c.  Mobile  Phase  Oiluent  with  Internal  Standard:  Accurately  measure 
and  dispense  62S  it<6-4  stock  solution  at  20.0  og/mL  (using  a 

1,000  pL  gas-tight  syringe)  into  a  100-ei.  voluaetric  flask 
containing  approximately  50  at  eocile  phase  buffer.  Mix  well. 
Dilute  to  voluae  with  aobile  phase  buffer.  Mix  resulting  solution 
again,  label  and  store  in  refrigerator  until  use. 
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Each  day  before  using  diluent,  remove  a  15  mL  aliquot  and  pH 
solution  to  pH  6.2  with  a  solution  of  concentrated  potassium 
hydroxide  (KOH)  (<  0.05  aL). 

Prepare  the  concentrated  XOH  solution  by  dispensing  approximately 
1  g  of  KOH  into  a  SO-aL  beaker  and  add  enough  aillipore  water  to 
dissolve  the  KOH.  QUTION:  Process  is  extrene-ly  exotheraic. 

d.  iiI-6  Stock  a.kd  Spiking  Solutions:  Two  standard  solutions  of  HI-6 
are  prepared  for  the  purpose  of  spiking  whole  blood.  These  spiked 
whole  blood  samples  are  used  as  analytical  standards. 

(1)  10.1  oig/aL  HI-6  Stock  Solution:  Accurately  weigh  100  t  1  ag 
of  HI-6  on  weighing  paper.  Quantitatively  transfer  the  HI-6 
into  a  lO-oL  voluaetric  flask  containing  approximately  5  aL 
aillipore  water.  Mix  well  until  dissolved.  Dilute  to  volume 
with  aillipore  water  and  aix  again.  Store  the  solution  in  a 
teflon  lin^  screw  cap  vial  and  label  appropriately. 

(2)  0.506  mg/mL  HI-6  Spiking  Solution:  'nto  a  10-aL  volumetric 
flask  containing  approxiaately  5  aL  aillipore  water,  deliver 
500  pL  Oi  the  10.1  sg/aL  HI-6  stock  prepared  in 

Section  F.3.d.(l)  (using  a  500-^  gas-tight  syringe).  Mix 
well  and  dilute  to  voluae  with  aillipore  water.  Mix  on  a 
vortex  aixer.  Store  the  solution  in  a  teflon  lined  .  new  cap 
vial  and  label  appropriately. 

e.  Preparation  of  Acetonitrile-Is^repyl  Alcohol  (ACH-IPA)  Solution: 
Pour  200  t  1  aL  of  spectroscopic  grade  IPA  into  a  1-1  voluaetric 
flask,  rill  the  reaainder  of  the  voluaa  with  ACN  and  aix 
thoroughly.  Store  the  solution  in  a  teflon  lined  screw-cap  vial 
and  label  appropriately. 

f.  Preparation  of  Hl-6  Analytical  Standards  and  Blank: 

(1)  101-^g/aL  Analytical  Standard:  Into  a  13  x  lOO-ew  round 

bottom  polypropylene  test  tube  containing  10  t  0.1  aL  of 
vdiole  blood,  add  100  s  1  of  the  10.1  ag/aL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(l)  using  a  100-/»L  gas- 
tight  syringe.  Cap  and  gently  aix  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  15  ain  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicrcpipette  to  transfer  the  top  "clear* 
plasma  layer  to  another  13  x  lOO-aai  test  tube  for  extraction. 
Be  careful  to  label  the  tube  with  the  spiked  concentration 
and  date.  The  samples  are  stored  in  the  freeter  at  -20  C 
until  used. 
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(2)  50.6-^g/KiL  Analytical  Standard:  Into  a  13  x  lOO-mm  round 
bottoa  polypropylene  test  tube  containing  10  t  0.1  mL  of 
Utole  blood,  add  SO  t  0.1  /tL  of  the  10.1  mg/oL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(I)  using  a  50-/iL  gas- 
tight  syringe.  Cap  and  gently  six  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  IS  ain  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  tne  top  "clear* 
layer  to  another  13  x  lOO-oa  test  tube  for  extraction.  Be 
careful  to  label  the  tube  with  the  spiked  concentration  and 
date.  The  samples  a.*e  stored  in  the  freezer  at  -20  C  until 
used. 

(3)  25.3->ig/aL  Analytical  Standard:  Into  a  13  x  lOO-na  round 
bottoa  polypropylene  test  tube  containing  10  t  0.1  bL  of 
idiole  blood,  add  25  s  0.1  of  the  10.1  ^/bL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(l}  using  a  25~pL  gas- 
tight  syringe.  Cap  and  gently  Bix  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  IS  Bin  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  the  top  "clear* 
layer  to  another  13  x  100-ea  test  tube  for  extraction.  Be 
careful  to  laoxl  the  tube  with  the  spiked  concentration  and 
dace.  The  sa'^ics  are  stored  in  the  freezer  at  -20  C  until 
used. 

(4)  10.1-^/bL  Analytical  Standard:  Into  a  13  x  lOO-aa  round 
bottoa  polypropylene  test  tube  containing  10  t  0.1  wL  of 
whole  blood,  add  10  t  0.1  of  the  10.1  ag/aL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(l}  using  a  10-^L  gas- 
tight  syringe.  Cap  and  gently  aix  the  solution  by  rotating 
Che  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
ce:ntrifuge  for  15  ain  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  the  top  "clear* 
layer  to  another  13  x  lOO-ea  test  tube  for  extraction.  Be 
careful  to  label  the  tube  with  the  spiked  concentration  and 
date.  The  saaples  are  stored  in  the  freezer  at  -20  C  until 
used. 

(5)  S.06-^/at  Analytical  Standard:  Into  a  13  x  lOO-aa  round 
bottoa  polypropylene  test  tube  containing  10  t  0.1  nL  of 
whole  blood,  add  IQO  t  1  ;>L  of  ths  0.S06  i^/aL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(2)  using  a  100-/»L  gas- 
tight  syringe.  Cap  and  gently  aix  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  15  ain  at  1,500  x  g.  After  the  solution  has 
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separated  use  a  micrcpipette  to  transfer  the  top  "clear" 
layer  to  another  13  x  100-mra  test  tube  for  extraction.  Be 
careful  to  label  the  tube  with  the  spiked  concentration  and 
date.  The  samples  are  stored  in  the  freezer  at  -20  C  until 
used. 

(6)  .2.S3-/jg/aL  Analytical  Standard:  Into  a  13  x  ICO-mni  round 
bottco  polypropylene  test  tube  containing  10  t  0.1  ml  of 
whole  blood,  add  50  t  0.1  of  the  0.506  mg/iai.  HI-6  stock 
solution  prepared  in  Section  F.3.d.(2)  using  a  S0-^t*gas- 
tight  syringe.  Cap  and  gently  nix  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  15  nin  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  the  top  "clear" 
layer  to  another  13  x  lOO-mn  test  tube  for  extraction.  Be 

•  careful  to  label  the  tube  with  the  spiked  concentration  and 

tf  date.  The  samples  are  stored  in  the  freezer  at  -20  C  until 
used. 

(7)  1.01-/(g/oL  Analytical  Standard;  Into  a  13  x  lOO-na  round 
bottom  polypropylene  test  tube  containing  10  t  0.1  iL  of 
whole  blood,  add  20  t  0.1  jiL  of  the  0.506  aq/aL  HI-6  stock 
solution  prepared  in  Section  F.3.d.{2)  using  a  25-/iL  gas- 
tight  syringe.  Cap  and  gently  aix  the  solution  by  rotating 
the  test  tube  er.d  over  end  for  10  rotftions.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  15  ain  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  the  top  "clear" 
layer  to  another  13  x  lOO-am  test  tube  for  extraction.  Be 
careful  to  label  the  tube  with  the  spiked  concentration  and 
date.  The  samples  are  stored  in  the  freezer  at  -20  C  until 
used. 

(6)  0.506-^g/aL  Analytical  Standard:  Into  a  13  x  lOO-ar  round 
bottom  polypropylene  test  tube  containing  10  i  0.1  ei.  of 
whole  blood,  add  10  t  0.1  ;U.  of  the  0.506  ag/aL  HI-6  stock 
solution  prepared  in  Section  F.3.d.(2)  using  a  10-;»L  gas- 
tight  syringe.  Cap  and  gently  aix  the  solution  by  rotating 
the  test  tube  end  over  end  for  10  rotations.  Place  the 
capped  test  tube  into  a  refrigerated  centrifuge  at  25  C  and 
centrifuge  for  15  ain  at  1,500  x  g.  After  the  solution  has 
separated  use  a  aicropipette  to  transfer  the  top  "clear" 
layer  to  another  13  x  lOO-nn  test  tube  for  extraction.  Be 
careful  to  label  the  tube  with  the  spiked  concentration  and 
dcte.  The  samples  are  stored  in  the  freezer  at  -20  C  until 
used. 
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(9)  0.0-/ig/mL  Analytical  Blank:  Into  a  13  x  lOO-on  round  bottom 

polypropylene  test  tube  containing  10  t  0.1  nL  of  v«hole 
blood,  add  100  x  1  /tL  of  the  nillipore  water  used  in 
preparation  of  spiking  solution  using  a  100  syringe.  Cap 
and  gently  mix  the  solution  by  rotating  the  test  tube  end 
over  end  for  10  rotations.  Place  the  capped  test  tube  into  a 
refrigerated  centrifuge  at  2S  C  and  centrifuge  ror  IS  nin  at 
l.SOO  X  g.  After  the  solution  has  separated  use  a 
■icropipette  to  transfer  the  top  ‘clear*  layer  to  another 
13  X  IOOhm  test  tube  for  extractiosi.  Be  careful  to  label 
the  tube  with  the  sp'ked  concentration  and  date.  The  samples 
are  stored  in  the  freezer  at  -20  C  until  used. 

4.  Equipment  Preparation: 

a.  Instrument  Preparation:  The  HPLC  is  prepared  for  use  with  the 
following  recoHM:nded  initial  settings: 

(1)  CO'luan  -  IS  ca  X  4.6  ■■  inside  diameter  (I.O.)  Zorbax  LC-8 
with  5  fm  partial  size. 

(2)  Guard  Column  -  2  cm  x  4.6  am  I.O. 

Zorbax  LC-d  with  S  partial  size. 

(3)  Hobilc  Phase:  80  percent  buffer  (see  Sectiea*  F,3.a) 

5  percent  ACh-lPA  muxtufe  (se*  Section  F.3.e) 
IS  percent  spectroscqjic  grade  methyl  alcohol. 

(4)  Nobile  Phase  Flow  Rate:  1.5  eC/min. 

(5)  Injection  Loop:  20  pL  volua«. 

(6)  Detector  Wavelength:  304  nm. 

(7)  Absorbance  Units  Full  Scale  (A.U.F.S.):  0.02. 

b.  Column  Conditioning:  The  column  needs  approximately  45  min  of 
mobile  phase  conditioning  before  it  can  be  used  to  analyze 
samples.  This  conditioning  insures  that  all  stationary  phase  has 
reacted  with  the  ion-pair  reagent. 

c.  Column  Check:  The  integrity  of  the  column  needs  to  be  checked 
before  samples  are  analyzed.  The  proteins  and  impurities  in  the 
blood  samples  ran  adhere  to  the  guard  column's  stationary  phase 
and  frits  causing  a  reduction  in  resolution.  To  remedy  this 
problem  the  column  must  be  cleaned  and  the  guard  column  changed. 

To  determine  when  these  maintenance  procedures  need  to  be  done  a 
25  pqlvL  HI-6  standard  can  be  analyzed  and  the  resolution  between 
the  HI-6  and  ffi8-4  is  determined.  When  reduction  in  resolution  is 
observed,  the  column  oust  either  be  cleaned  or  replaced.  The 


Revised  June  7,  1990 


HREF 
S0P-a9-62 
September  19,  1939 
Page  10 


guard  colu.mn  should  always  be  replaced  and  conditioned  without  the 
analytical  column  in  place. 

5.  Spiking  and  Extraction  Procedures:  The  calibration  standards  and 

unknown  samples  are  prepared  using  the  sajne  procedures  detailed  below. 

a.  Using  a  I,000-/iL  pipettor,  place  1,000  ;tL  of  either  a  plasma 
unknown,  or  calibration  sas^le  into  a  prelabeled  l.S-ml 
■icrocerstrifuge  tube. 

b.  Spike  each  aicrocentrifuge  tube  with  30  /iL  of  a  SO  percent 
trichloracetic  acid  solution  prepared  in  water.  Vortex  mix  the 
solution  until  a  silky  suspension  is  observed.  Jentri fuge  tne 
solution  for  10  min  at  10,000  x  g  to  remove  the  suspended  material 
from  solution.  Remove  the  clear  supernatant  layor  using  a 
disposaole  transfer  pipet  and  dispense  into  prelabeled  Ij  x  lOO-ma 
test  tube.  The  lower  precipitate  layer  can  be  discarded  at  this 
time. 

c.  Spike  each  test  tube  prepared  in  Section  F.S.b  with  2SO  ;il  of 
mobile  phase  diluent  prepared  in  Section  F.3.C  using  a  2S0*/>L  gas* 
tight  syringe  and  mix  the  solution  thoroughly  using  a  vortex 
mixer. 

d.  Into  each  test  tube  prepared  In  Section  F.6.C,  dispense 

5  X  C.OS  ml.  of  chloroform  using  a  calibrated  autopipettor. 

a.  Cap  sacit  tube  securely  and  place  into  a  test  tube  rack.  Place  the 
rack  of  saaplcs  onto  a  rotating  miser  and  rotate  the  samples  for 
approxiaately  IS  min  at  30  revolutions  per  min  (nim).  The 
solutions  will  turn  extremely  milky  in  color  indicating  the 
precipitation  of  the  protein  materials  within  the  plasma  matrix. 
Once  this  initial  precipitation  of  the  protein  has  been 
accompli  sited,  reduce  the  rotation  speed  to  10  rpm  ana  continue  to 
operate  for  an  additional  4S  min.  This  provides  a  1  hr  extraction 
period. 

f.  The  rack  containing  the  tubes  is  removed  from  the  rotating 
extractor  and  the  resulting  solutions  centrifuged  for  I  hr  at 
1,500  X  g.  This  step  should  remove  all  solid  material  frtim  the 
supernatant  layer.  Be  sure  that  the  centrifuge  brake  has  been 
adjusted  so  that  the  solid  layer  is  not  disrupted  when  the 
centrifuge  is  stopping. 

g.  The  clear  aqueous  supernatant  layer  is  removed  from  each  sample 
and  dispense  into  labeled  autoanalyzar  vials.  The  sample  vials 
are  tightly  capped  and  made  ready  for  analysis. 
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6.  Instrument  Calibration:  Instrument  calibration  must  be  performed  each 
time  quantitation  or  samples  is  required.  The  instrument  cali  iration 
is  performed  by  injecting  20  t  O.l  /iL  each  of  the  extracted  plasma 
blank  and  the  analytical  standards  prepared  in  Section  F.3.f  using  an 
autosampler.  A  complete  set  of  analytical  standards  is  analyzed  prior 
to  analysis  of  any  sample  extracts.  Once  calibration  of  the 
instrument  has  been  performed  and  the  linearity  checked,  the  sample 
extracts  are  analyzed  with  at  least  every  sixth  sample  being  an 
analytical  standard  to  check  the  calibration  of  the  instrument.  A 
complete  set  of  analytical  standards  is  analyzed  following  the  last 
sample.  All  analytical  standards  analyzed  are  used  tc  develop  a 
complete  calibration  curve  for  quantitation  of  the  sample  extracts. 

No  sample  amount  may  be  reported  that  exceeds  the  range  of  the 
analytical  standards.  Samples  that  yield  responses  less  than  the 
calibration  range  will  be  reported  as  less  than  the  lower  quantitation 
limit.  Any  sample  response  that  exceeds  the  largest  analytical 
standard  will  be  reported  as  greater  than  the  highest  analytical 
standard,  and  must  be  either  diluted  to  wunin  range  or  the 
calibration  range  extended  for  quantification  of  the  sample. 

7.  Analysis  of  Analytical  Blank:  The  analytical  blank  prepared  in 
Section  F.3.f.9.  is  analyzed  to  determine  the  quality  of  the  reagents 
used,  and  to  determine  if  the  presence  of  sample  matrix  components 
Interfere  with  the  analysis  method. 

a.  Analysis  of  Samples;  Samples  and  calibration  standards  arc  analyzed 
using  the  sample  procedures.  At  least  every  sixth  analysis  should  be 
a  analytical  standard  or  analytical  blank. 

9.  Calculations;  The  sample  amounts  are  calculated  using  an  internal 
standard  method  of  calibration.  The  calibration  data  is  analyzed 
using  a  linear  regression  model  to  estimate  the  parameter  values  for 
the  model . 

a.  Using  a  simple  linear  regression  program,  enter  the  peak  area 
ratio  of  HI-6  to  ^t^8-4  as  the  ordinate  (y-value)  and  the 
corresponding  standard  concentration  as  the  abscissa  (x-va1ue). 

The  regression  model  used  to  generate  the  slope,  intercept,  and 
correlation  coefficient  for  HI-6  in  the  calibration  data  is: 

y  •  bx  +  a 


3 


b.  If  a  regression  program  is  not  available,  program  the  following 
calculations: 

[(ry)(rx*)-(Ijc)(rxy)] 
b  «  I 

[n(lx')-(rx)*] 


3 
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[n(txy)-(D)(t>)] 


[n(Ex*)-(Lt)*] 

[n(lAy)-(Ijc){ry)] 

[{n(L^*)-(Lc)^)^(n£(y^)-{ry)*)i] 

where, 

y  ■  ax  ♦  b 

a  *  slope 

b  “  y- intercept 

r  ■  correlation  coefficient 

X  »  peak  area 

y  ■  amount  GO  in  ng 

n  ■  number  of  replicates 

c.  All  data  points  obtained  from  the  analysis  of  the  analytical 
standards  are  used  to  calculate  the  regression  model  estimates. 

tn  addition  the  percent  relative  standard  deviation  (\RSD)  between 
replicate  standards  should  be  monitored  to  insure  that  the 
instnnnent  response  does  not  change  excessively  during  analysis. 
The  WO  for  any  set  of  analytical  standards  should  not  be  greater 
than  10  percent.  If  the  WO  for  any  set  is  greater  than 
10  percent,  the  analysis  is  stopped  and  the  problem  corrected 
prior  to  resuming  analyses.  Oo  not  include  the  results  of  the 
analytical  blank  analyses  in  the  calibration  calculations  as  this 
will  weigh  the  regression  toward  aero. 

d.  !den?,->fy  the  analyte  and  interna!  standard  peaks  in  the  unknown 
saatple  chromatograms  and  record  each  peak  area.  The  ratio  of  the 
analyte  versus  the  internal  standard  is  calculated  and  the  value 
recorded.  Using  the  regression  values  calculated  from  the 
calibration  data,  calculate  the  concentration  for  each  sample 
using  the  formula  above. 

10.  Column  Clean-Up:  After  each  set  of  samples  are  analyzed,  the  column 
must  be  cleaned  to  remove  proteins  and  peptides  adhering  to  the 
stationary  phase.  This  is  accomplished  by  flushing  the  column  with  a 
series  of  solvents  over  a  period  of  time.  The  sequence  recommended 
for  this  clean-up  is: 

Millipore  water  at  1.5  ml/min  for  60  min. 

ACfi  at  1.5  mL/min  for  10  min. 

IPA  at  1.0  raL/min  10  min. 


0 
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50:50  IPA/cbloroforra  ramped  program 

1.5  mL/min  -  2.0  mL/min  in  10  min 
-  2.0  mL/min  for  50  rain 

IPA  at  l.S  mL/min  for  5  ain. 

ACH  at  1.5  nL/oin  for  10  min. 

11.  Instrument  Shut-Down:  When  the  instrument  is  not  to  be  used  for 
extended  periods  of  time,  the  system  must  be  shut  down  following 
manufacturer's  instructions  to  ensure  column  life  and  instrument 
stability.  The  colutan  clean-up  procedure  (Section  G.IO)  is  followed 
and  the  column  is  stored  with  100  percent  ACH  wetting  the  stationary 
phase.  The  column  must  be  tightly  capped  during  storage  to  prevent 
solvent  evaooration.  The  column  must  never  be  stored  with  buffer 
remaining  on  the  support. 
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Extraction  and  Analysis  of  «  l-(2-Hydroxyifliinoraethylpyridiniuni)-2- 
(4-Carboxyaraido-Pyr'diniura)-0imethyl  Ether  Dichloride  (HI-6)  and 
l,r-Methylene-8is  [4-(Hydroxyiminoroethyl)  Pyridiniua]  Oichloride  (MM8-4) 
Using  High  Performance  Liquid  Chromatography  (HPLC) 

A.  StatOTent  of  Work;  This  SOP  describes  the  method  for  the  determination  of 
«  l-{2-hy(lroxyiminoniethylpyridiniuM)-2-(4-carboxyaaido-pyridiniuin)- 
dimethyl  ether  dichloride  (HI-6)  and  l,l'-«ethylene-bis 
[4-(hydroxyiminomethyl)  pyridiniua]  dichloride  (^flB-4)  in  dosing  samples. 
The  prepared  sample  is  analyzed  by  high  performance  liquid  chromatography 
(HPLC).  The  sample  preparation  and  analysis  methods  detailed  here  were 
developed  in  support  of  pharmacokinetics  studies  performed  at  Battel le‘s 
Medical  Research  and  Evaluation  Facility  (MREF),  This  method  uses  HI-6  as 
the  internal  standard  v<hen  analyzing  for  ^fi8-4  and  W4B-4  as  the  internal 
standard  when  analyzing  for  HI-6.  Only  saflq>]es  containing  one  of  the 
analytes  can  be  analyzed  using  this  SOP. 

B.  Responsibility; 

All  technical  staff  will  be  familiar  with  the  safe  handling  practices  of 
chemical  materials  within  a  laboratory.  Personnel  performing  the 
fallowing  procedures  must  read  and  sign  this  SOP.  They  must  use  personal, 
protective  equipment  required  by  the  Facility  Safety  and  Surety  Plan 
(FSSP)  while  working  within  the  MREF  and  develop  safe  work  habits  to 
protect  thaaselves  and  fellow  workers  from  injury  and  to  prevent  damage  to 
material,  equipment,  and  facilities. 

The  organization  involved  in  this  research  is  the  MREF  of  Sattelle 
Memorial  Institute,  SOS  King  Avenue,  Columbus,  OH  43201-2593. 

C.  Materials  To  Be  Used;  Potassium  phosphate  dibasic,  1-heptanesuIfonic 
acid,  triethy lamine,  acetonitrile,  methyl  alcohol,  trichloroacetic  acid, 
HI-6,  1, 1 ' -methyl ene-b is  [4-(hydroxyiminomethyl)  pyridinium]  dichloride 
(MMfJ-4) ,  acetic  acid,  labels,  piastic-backed  absorbent  paper,  brovyn  paper, 
and  wiping  tissues. 

D.  Equipment;  Freezer,  refrigerator,  first  aid  kit,  plastic-backed,  squirt 
bottles, "beakers,  bottles,  maxi-vials,  pipettes,  pipette  bulbs,  laboratory 
coat,  protective  eyewear,  spatula,  stainless-steel  pans,  glass  stir  rods, 
syringes,  needles,  forceps,  and  latex  gloves. 

E.  Hazards  Involved: 

1.  Solvents  and  Chemicals:  The  solvents  and  chemicals  used  in  this  SOP 
may  have  hazards  associated  with  their  use.  The  Material  Safety  Data 
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Sheets  (MSDS)  are  available  in  the  administrative  area  of  the  HREF  or 
through  Battelle's  Safety  Services  Department  at  505  King  Avenue. 

F.  Procedures: 

1.  Hood  Set  Us:  The  operation  hood  area  awst  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8-inch  line  in  the 
hood. 

Plastic-backed,  absorbent  pacer  must  be  used  to  protect  the  work 
surface  of  the  hood. 

2.  Solution  Preparation; 

a.  Mobile  Phase  Suffer:  Accurately  weigh  4.1  t  0.01  g 

1- heptanesulfonic  acid,  and  17.4  t  0.01  g  potassium  phosphate 
dibasic  onto  weighing  paper.  Quantitatively  transfer  each 
chemical  into  a  2-L  volumetric  flask  containing  approximately 
150Q  bL  millipore  water.  Deliver  2.hl  oi.  t  0.01  of  triethylaaine 
(using  a  5000-/iL  gas-tight  syringe)  to  the  resulting  solution  and 
mix  well.  Adjust  the  pH  of  the  solution  to  4.1  x  0.1  with  glacial 
acetic  acid  (approxisately  23  bL).  Nix  well  and  dilute  to  volume 
with  millipore  water.  Filter  through  a  0.45  /ua  filter. 

b.  20.0  mg/rrt  W8-4  Stock  bclution;  Weigh  ICO  ±  1.0  »g  of  neat 
W8-4  in  a  weighing  disn.  Quantitatively  transfer  the  weighed 
material  into  a  5-«il  volumetric  flask  containing  approximately 

2- «L  aillipore  water.  Vortex  *ix  the  solution  and  dilute  to 
volume  with  aillipore  water.  Stock  solution  must  be  made  up  fresh 
daily. 

c.  Mobile  Phase  Diluent  with  W<8-4  Internal  Standard:  Accurately 
measure  and  dispense  125  jiL  f^8-4  stock  solution  at  20.0  ag/mL 
(using  a  250  ;iL  gas-tight  syringe)  into  a  lOO-art.  volumetric  flask 
containing  approximately  50  mi.  mobile  phase  buffer.  Mix  well. 
Dilute  to  volume  with  mobile  phase  buffer.  Mix  resulting  solution 
again,  label  and  store  in  refrigerator  until  use. 

d.  10.0  Bg/at  HI-6  Stock  Solution:  Accurately  weigh  100.0  mg  t 
1.0  mg  of  HI-6  on  weighing  paper.  Quantitatively  transfer  the 
HI-6  into  a  10  mi.  volumetric  flask  containing  approximately  5  mL 
millipore  water.  Mix  well  until  dissolved.  Dilute  to  volume  with 
millipore  water  and  mix  again.  Stock  solution  must  be  made  up 
fresh  dai 1y. 

e.  Mobile  Phase  Diluent  with  HI-6  Internal  Standard:  Accurately 
measure  and  dispense  1,110  jtL  of  the  HI-6  stock  solution  at 
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10.0  mg/ml  (using  a  1,250  /iL  gas-tight  syringe)  into  a  100-mL 

volumetric  flask  containing  approximately  50  mL  mobile  phase 

buffer.  Mix  well.  Dilute  to  volume  with  robile  phase  buffer. 

Mix  resulting  solution  again,  label  and  store  in  refrigerator 

until  use. 

f.  Hl-6  Standards:  (Must  be  made  up  fresh  daily.) 

(1)  100  ;*g/fflL  Hr-6  Standard:  Into  a  10  mL  volumetric  flask 
containing  approximatelv  5  ml  of  the  mobile  phase  diluent 
spik-d  witn  HM8-4  (G.3.C.).  deliver  100  ;»1  of  the  10  mg/mL 
P.I-6  stock  solution  (using  a  100  8  1  gas-tight  syringe).  Mix 
well  and  dilute  to  volume  with  onbile  phase  diluent. 

(2)  50  pg/mL  HI-6  Standard:  Into  a  10-«L  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  MM8-4,  deliver  SO  ftL  of  the  10  mg/mL  HI-6  stock 
prepared  in  Section  G.3.d.  (using  a  50  fiL  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

f3)  25  jtg/aL  HI-6  Standard:  Into  a  10  mL  volumetric  flask 

containing  approximately  5  mL  of  the  mobile  phase  dilue.1t 
spiked  with  MM8-4,  deliver  25  ^L  of  the  10  mg/mL  HI-6  stock 
prepared  in  Section  C  3.d.  (using  a  25  jtL  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(4)  10  jig/s>L  HI-6  Standard:  Into  a  10-mL  volumetric  flask 
containing  approximately  5  mL  of  the  mobile  phase  diluent 
spiked  with  fW‘'4,  deliver  10  /iL  of  the  10  mg/mL  HI-6  stock 
prepared  in  Section  G.3.d.  (using  a  10  pL  gas-tight  syringe). 
Mix  well  and  dilute  to  vclume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(5)  Blank:  The  mobile  phase  diluent  prepared  in  G.3.C.  is  used 
as  the  HI-6  blank. 

g.  >tiB-4  Standards:  (Must  be  made  up  fresh  daily.) 

(1)  100  ;ig/mL  Wi8-4  Standard:  Into  a  10  mL  volumetric  flask 

containing  approximately  5  mL  of  the  mobile  phase  diluent 
spiked  with  HI-6  (G.3.e.),  deliver  50  /«L  of  the  20  mg/mL 
W8-4  stock  solution  (using  a  50  gas-tight  syringe).  Mix 
well  and  dilute  to  volume  with  mobile  phase  diluent. 

50  fiq/mL  MM8-4  Standard;  Into  a  10-«L  volumetric  flask  _ 
containing  approximate!)  5  mL  of  the  mobile  phase  diluent 
spiked  with  HI-6,  deliver  25  of  the  20  mg/mL  MMB-4  stock 


(2) 
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prepared  in  Section  G.3.d.  (using  a  2S  /iL  gas-tight  'yringe). 
Hix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  voi :ex  mixer. 

(3)  20  >»g/mL  HH8-4  Standard:  Into  a  10-mL  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  HI-o  prepared  in  Section  F.2.e.,.  deliver  10  jii.  of 
the  20  mg/oL  hW3-4  stock  prepared  in  Section  F.2.d.  (using  a 
10  ^iL  gas-tight  syringe).  Mix  well  and  dilute  to  volume  with 
mobile  phase  diluent.  Mix  on  a  vortex  mixer. 

(4)  10  >»g/raL  Wi8-4  Standard;  Into  a  10-mL  volu.metric  flask 
containing  approximately  5  mL  of  the  mobile  phase  diluent 
spiked  with  HI-6,  deliver  5  of  the  20  mg/inL  W3-4  stock 
prepared  in  Section  G.3.d.  (using  a  10  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(5)  Blank:  The  mobile  phase  diluent  prepared  in  F.2.e.  is  used 
as  the  HH8-4  blank. 

3.  Equipoen*  Preparation; 

a.  Instrument  Preparation;  The  HPLC  is  prepared  for  ase  with  the 
following  recoasaenoed  initial  settings  and  conditions.  These 
settings  and  conditions  are  to  be  optiaired  by  the  operator  prior 
to  instrument  calibration  and  sample  analysis'. 

(1)  Column  -  IS  cm  X  4.S  »■  inside  diameter  (l.O.)  Zorbax  LC-8 
with  5  partial  size  or  equivalent. 

(2)  Guard  Column  •  2  cm  x  4.6  mm  I.O.  Zorbax  LC-d  with  5  jua 
partial  size. 

(3)  Mobile  Phase;  80  percent  buffer  (see  Section  F.2.a) 

15  percent  Acetonitrile: Isopropanol  (80:20) 

S  percent  spectroscopic  grade  methyl  alcohol. 

(4)  Mobile  Phase  Flow  Rate:  1.5  oL/min. 

(5)  Injection  Volume;  100  volume  for  HI-6. 

30  jiL  volume  for  MM8-4. 

(6)  Detector  Integration  Wavelength:  304  nm. 

b.  Column  Conditioning:  The  column  needs  approximately  45  min  of 
mobile  phase  conditioning  before  it  can  be  used  to  analyze 
samples.  This  conditioning  is  required  so  the  stationary  phase 
can  equilibrate  with  the  ion-pair  reagent  in  the  mobile  phase. 
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c.  Column  Check:  The  efficiency  of  the  chromatographic  system  must 
be  checked  before  samples  are  analyzed.  To  determine  this  a 
25  ;;g/mL  HI-6  standard  is  analyzed  and  the  resolution  and  peak 
shape  for  each  analyte  peak.  HI-6  and  MM8-4  is  determined.  When 
reduction  in  column  performance  is  observed,  the  column  and  or 
guard  column  must  either  be  cleaned  or  replaced.  The  guard  coiumn 
should  always  be  "-eplaced  and  conditioned  without  the  analytical 
column  in  position  to  avoid  contamination  of  the  analytical 
column. 

4.  Dilution  of  Samples:  Samples  are  diluted  in  the  mobile  phase  buffer. 
Samples  having  high  concentrations  of  HI-6  or  HHB-4  must  be  sonicated 
to  insure  complete  solvation  of  the  material,  due  to  limited 
solubility  of  these  materials  in  aqueous  solvents,  prior  to  performing 
dilutions.  The  expected  concentration  of  each  sample  is  adjusted  to 
within  the  working  calibration  range.  When  sample  size  permits  all 
samples  will  be  diluted  using  volumetric  glassware.  When  sample  size 
is  limited  dilutions  must  be  performed  using  analytical  syringes. 
Before  the  samples  are  diluted,  the  volume  of  the  stock  solution 
prepared  in  either  F.2.b.  or  F.2.d.  must  be  calculated  and  added  to 
the  sample  dilution  scheme.  The  final  concentration  of  the  internal 
standard  in  the  samples  will  be  either  111  ^ig/mL  for  HI-6  or  25  ;»g/niL 
for  hW8-4. 

5.  Instrument  Calibration:  Instrument  calibration  must  be  performed  each 
time  quantitation  of  s^les  is  required.  The  instrument  calibration 
is  performed  by  injecting  the  analytical  standards  prepared  in  Section 
F.2.f.  and  F.2.g.  A  complete  set  of  analytical  standards  is  analyzed 
prior  to  analysis  of  any  samples.  Once  the  initial  calibration  and 
standards  have  been  analyzed  and  the  linearity  confirmed,  the  sample 
may  begin  with  at  least  every  sixth  sample  injected  being  an 
analytical  standard  or  blank  to  check  the  performance  of  the 
instrument.  A  complete  set  of  analytical  standards  is  analyzed 
following  the  last  sample.  All  analytical  standards  analyzed  are  used 
to  develop  a  complete  calibration  curve  for  quantitation  of  the 
samples.  No  sample  amount  may  be  reported  that  exceeds  the  range  of 
the  analytical  standards.  Samples  that  yield  responses  less  than  the 
calibration  range  will  be  reported  as  less  than  the  lower  quantitation 
limit.  Any  sample  response  that  exceeds  the  largest  analytical 
standard  will  be  reported  as  greater  than  the  highest  analytical 
standard,  and  must  be  either  diluted  to  within  range  or  the 
calibration  range  extended  for  quantification  of  the  sample. 

6.  Analysis  of  Analytical  Blank:  The  appropriate  analytical  blank 

prepared  in  Section  F.2.f.5.d.  and  F.2.g.5.  is  analyzed  to  determine 
the  quality  of  the  reagents  used,  and  to  determine  if  the  presence  of 
sample  matrix  components  interfere  with  the  analysis  method. 
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7.  Analysis  of  Sawoles:  Samples  and  calibration  standards  are  analyzed 
using  tne  procedures  described  in  Section  F.5.  At  least  every  sixth 
analysis  should  be  a  analytical  standard  or  blank. 

8.  Calculations;  The  sample  amounts  are  calculated  using  an  internal 
standard  method  of  calibration.  The  calibration  data  is  analyzed 
using  a  linear  regression  aodel  to  estimate  the  parameter  values  for 
the  model. 

a.  Using  a  simple  linear  regression  program,  enter  the  peak  area 
ratio  of  HI-S  to  1^8-4  as  the  ordinate  (y-value)  and  the 
corresponding  standard  concentration  as  the  abscissa  (x-value). 
The  regression  model  used  to  generate  the  slope,  intercept,  and 
correlation  coefficient  for  Hl-6  in  the  calibration  data  is: 

y  <•  bx  a 


b.  If  a  regression  program  is  not  available,  program  the  following 
calculations: 

C(ry)(ij«*)-(i:x)(rxy)l 

Cn(Lt’)-(tx)*] 

[n(Ixy)-{Zs}!'ry)] 

a  ■  . . - . .  ■ 

Cn(i:s»)-{Ixj*] 

[rt(rxy)-(Ix)(ry)] 

r(n(rx*)-(rx)*)*(nr(y«).(ry)*)i] 

where, 

y  •  ax  ♦  b 

a  -  slope 

b  ■  y-intercept 

r  •  correlation  coefficient 

X  analyte  peak  area/Intemal  standard  peak  area 

y  ■  analyte  amount  in  /ig/atL 

n  •  number  of  replicates 

c.  All  data  points  obtained  from  the  analysis  of  the  analytical 
standards  are  used  to  calculate  the  regression  model  estimates. 

In  addition  the  percent  relative  standard  deviation  (%RS0)  between 
replicate  standards  should  be  monitored  to  insure  that  the 
instrument  response  does  not  change  excessively  during  analysis. 
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The  %ftS0  for  any  set  of  analytical  standards  should  not  be  greater 
than  10  percent.  If  the  iifiSO  for  any  set  is  greater  than 
10  percent,  the  analysis  is  stopped  and  the  problem  corrected 
prior  to  resuming  analyses.  Do  not  include  the  results  of  the 
analytical  blank  analyses  in  the  calibration  calculations  as  this 
will  weigh  the  regression  toward  zero. 

d.  Identify  the  analyte  and  internal  standard  peaks  in  the  unknown 
sample  chromatograms  and  record  each  peak  area.  The  ratio  of  the 
analyte  vs  the  internal  standard  is  calculated  and  the  value 
recorded.  Using  the  regression  values  calculated  from  the 
calibration  data,  calculate  the  found  concentration  for  each 
sample  using  the  formula  above. 

9.  Column  Clean-Up:  After  each  set  of  samples  are  analyzed,  the  column 
ttiust  be  cleaned  to  remove  proteins  and  peptides  adhering  to  the 
stationary  phase.  This  is  accomplished  by  flushing  the  column  with  a 
series  of  solvents  over  a  period  of  tine.  The  sequence  recommended 
for  this  clean-up  is: 

Millipore  water  at  1.5  «L/nin  for  60  nin. 

ACH  at  1.5  mL/nin  for  10  nin. 

IPA  at  1.0  sL/oin  10  min. 

50:50  IPA/chloroform  ramped  program 

l.S  nL/min  -  2.0  mL/nin  in  10  min 
-  2.0  mL/nin  for  50  nin 

I  PA  at  l.S  nL/nin  for  5  nin. 

ACN  at  1.5  mL/min  for  10  aio. 

10.  Instrument  Shut-Oo^^:  When  the  instrument  is  not  to  be  used  for 
extended  periods  of  time,  the  system  oust  be  shut  down  following 
manufacturer's  instructions  to  ensure  column  life  and  instrument 
stability.  The  column  clean-up  procedure  (Section  G.IO)  is  followed 
and  the  column  is  stored  with  100  percent  ACN  wetting  the  stationary 
phase.  The  column  must  be  tightly  capped  during  storage  to  prevent 
solvent  evaporation.  The  column  must  never  be  stored  with  buffer 
remaining  on  the  support. 

G.  Emergency  Procedures:  All  personnel  involved  in  the  HHL  or  HREF 

laboratory  operations,  must  be  familiar  with  the  respective  laboratory's 
FSSP,  and  the  emergency  procedures  detailed  within  this  document.  All 
personnel  involved  in  the  King  Avenue  operation  must  be  familiar  with  HEG 
H/SP  3-01  and  the  emergency  procedures  detailed  within  this  document. 
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H.  Fir^t  Aid  Procedures:  First  aid  and  self  aid  at  the  HREF  and  KML  are  to 
be  concucted  as  specified  in  the  FSSP. 
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O«e-COMPART»OT  PHARMACOKINETIC  MODEL 


ELSE  IF  X=5  THEN  CO;  SUMYS-SUMY;  ENO; 

ELSE  IF  X=6  THEN  DO;  SUHY6-SUMY;  END; 

ELSE  IF  X»3  THEN  DO;  SUMYa-SUHY;  END; 

ELSE  IF  X-12  THEN  DO;  SUHY12*SUH'i';  END; 

ELSE  IF  X»16  THEN  DO;  SUHY16»SUMY;  ENO; 

ELSE  IF  X*20  THEN  DO;  SDHY20»SUHY;  ENO; 

ELSE  IF  X=40  THEN  DO;  SUHY40«SUHY;  END; 

ELSE  IF  X»60  THEN  DO;  SUrtY50»SUMY;  ENO; 

ELSE  IF  X-80  THEN  DO;  SUHYaO-SUMY;  END; 

ELSE  IF  X'120  THEN  DO;  SUMY12Q-SUMY;  ENO; 

ELSE  IF  X-180  THEN  DO;  SUMY18Q-SUHY;  END; 

ELSE  IF  X-240  THEM  DO;  S'JHY240«SUMY;  ENO; 

ELSE  IF  X-300  THEN  DO;  SUMY300-SUMY;  END; 

ELSE  IF  X-360  THEN  DO;  SiJMY360-SUMY;  ENO; 

END; 

INTAUC-SUHY; 

CALCAUC»0/V/XE: 

TKA-LOG(2)/l(A; 

TKE»L0G(2)/KE; 

THAX-LOG(!(A/KE)/(l(A-K£); 

CHAX»0/V>CA/KD‘ (EXP(-KE*TMAX)-EXP(-M*TS4AX; )  ; 

CMAX  D=^CMAX/0  HG  KG; 

CL-07CALCAUC;“  ~ 

AUC  0-CALCAUC/0_MG  KG; 

DRO?  TYPE  NAME  "  ITER  SUMY  0  V  XD; 

PROC  PRTnT;  ----- 
TITLEl  'SINGLE-COMPARTMENT  MODa  WITHOUT  IV  DOSE'; 

TITLE2  'PARAMETERS  FOR  TASK  89-06  HI-o  ADMINISTERED  BY  WET/DRY 
AUTO INJECTOR:  ANIMAL  23'; 

VAR  _SSE  — Y  INTAUC— AUC  0; 

PROC  PRINT? 

VAR  SUMYl— SUHY360; 


CPTICHS  LS-80; 

DATA  TRUHC; 

SET  REG. ALLDATA; 

IF  CONC  NE  0  AND  ANlMAL-23; 

PROC  MEANS  NOPRINT  OATA-TRUNC; 

VAR  T; 

ID  ANIMAL; 

OUTPUT  OUT-MAX  MAX-MAXT; 

DATA  HAX2; 

SET  MAX; 
nPE  -'FINAL'; 

TRjJC  SORT;  BY  TYPE  ; 

PROC  NLIN  OATA-TRUNC  CONVERGE-lE-2  HAXITER-100  METHOD -MARQUAROT 
0UTE3T-ESTIM; 

PARMS  A- 15. 99 
B-6.01 
ALPHA-0.022 
BETA-0.003 
KA-0.90; 

AEXP-EXP(-ALPHA*0; 


OPTIONS  LS=80; 

DATA  TRUNC; 

SET  WETDRY. ALLDATA; 

IF  ANIMAL»23  and  CONC  NE  0; 

PROC  MEANS  NOPRINT  DATA-TRUNC; 

VAR  TIME;  ID  ANIMAL; 

OUTPUT  OUT=MAX  MAX«MAXT; 

DATA  HAX2; 

SET  MAX; 

TYPE  “‘FINAL'; 

PR5C  SORT"  BY  TYPE  ■ 

PROC  NLIn'0ATA»TRUNC’C0NVERGE«IE-6  HETHOO-HARQUAROT  0UTEST“ESTIM; 

PARMS  KA»0.1221 
KE*0.01Sa 
V-360: 

*  WEIGHT  “1/CCNC; 

0-16000;“ 

T-TIME; 

EXPA-EXP{-KA*T); 

EXPE-£XP(-KE*T); 

KD-KA-KE; 

MODEL  C0NC-0/V*KA/W(EXPE-EXPA); 
0ER.KA-0/(VK0)*((l-<A/l(D)’'(EXPE-£XPA)-*-KA’T*EXPA); 

OER . K£-0*KA/ ( V*KO) * ( (EXPE-EXPA) /KO-T*EXP£) ; 
0ER.V-0*KA/X0*(EXPE-EXPA)/V/V; 

TITLE  'SINGLE-COMPARTMENT  PHAPTWCOKINETICS  MODEL  WITHOUT  IV  DOSE'; 
TiTL£2  'TASK  39-06  PLASMm  HI-6,  ADMINISTERED  BY  WET/ORY  AUTOINJECTOR 
ANIMAL  23'; 

OUTPUT  0UT-HET0RY.P23  P-CONCHAT  L95H-LCL  U95M-UCL; 

PROC  SORT  OATA-ESTIM; 

BY  TYPE  ; 

PROC  ?RINT“DATA-WET0RY.P23; 

OATA  EST; 

SET  ESTIM; 

IF  TYPE  -'FINAL'; 

DATA  Wt'!’0RY.AN23; 

MERGE  EST  MAX2;  BY  iTPE  ; 

KO-KA-KE; 

D-16000; 

V  1  kg-V/1000; 

0“m5  <G-0/1000; 

OX-OTS; 

X-0; 

SUMy--0; 

DO  UNiIL(X  GE  360); 

*  ALTERNATIVELY,  THE  ABOVE  STATEMENT  COULD  READ  DO  UNTIL  (X  GE  HAXT); 
Y-0/V*KA/K0*(EXP(-KE*X)-EXP(-KA*X))*OX; 

X-X+OX; 

SUMY-SUHY+Y; 

PART-Y/SUMY; 


IF 

X-1 

THEN 

DO; 

SUMYl-SUMY; 

END 

ELSE 

IF 

X-2 

THEN 

DO; 

SUMY2-SUMY; 

EHO 

ELSE 

IF 

X-3 

THEN 

DO; 

SUMY3-SUMY; 

END 

ELSE 

IF 

X-4 

THEN 

DO; 

SUMY4-SUMY; 

E.-ID 

BE)(?*0C?(-BETA*T); 

ke:<?-e.x?(-<a*t)  ; 

MODEL  CCNC  =  A*(.A£XP-<EaP)*a»(S£XP-KEXP); 

OER.A-AEXP-XEXP; 

CER.B-8EXP-KEXP: 

OER.AL?HA*-A*T»AEXP: 

DER.8£TA--8*T*SEX?; 

DER.XA-(A+3)*T*KEX?: 

TITLE  TWO-CCMPARTME.NT  ATROPINE  PHARMACOKINETICS  MODEL'; 

TITLE2  'TASK  89-06  WET/DRY  TECHNIQUE  -  ANIMAL  23'; 

OUTPUT  0UT*REG.?230UT  P<ONCHAT  L95M-LCL  U95H-UCL; 

PROC  SORT  OATA-ESTIM; 

8Y  _rrPE_: 

PROC  PRINT  DATA-REG.P230UT; 

DATA  EST; 

SET  ESTIM; 

IF  TYPE_«' FINAL': 

DATA  5EG.AN23; 

MERGE  EST  HAX2;  8Y  HPE  ; 

D-56000Q0; 

DX>1; 

X-1; 

SUMY«0; 

PART" I ; 

00  UNTIL  (X  GE  360); 

*  ALTERNATIVELY,  THE  ABOVE  STATEMENT  COULD  READ  DO  UNTIL  (X  GE  MAXT); 
X-X>0X; 

Y-A*UXP(.ALPHA*X)-£XP(-ICA*X))+«»(EXP(-8ETA*X)-EXP(-KA*X)); 

SUMY-SUMYfY; 

PAfT-Y/SUMY; 

IF  X-l  THEN  00;  SUMYl-SUMY;  END; 

ELSE  IF  X-2  THEN  DO;  SUMY2-SIW;  END; 

ELSE  IF  X-3  THEN  00;  SUHYD-SUHY;  END; 

ELSE  IF  X"4  THEN  DO;  SUMY4-SUMY;  END; 

ELSE  IF  X-5  THEN  DO;  SUMY5-SUKY;  END; 

ELSE  IF  X-6  THEN  CO;  SUMY6-SUMY;  END; 

ELSE  IF  X-8  THEN  DO;  SUMY8-SUHY;  END; 

ELSE  IF  X-12  THEN  00;  SUMY12-SUMY;  END; 

ELSE  IF  X-16  THEN  00;  SUMY16-SUHY;  END; 

ELSE  IF  X-20  THEN  DO;  SUHY20-SIKr;  END; 

ELSE  IF  X-40  THEN  DO;  SUMY40“SUMY;  END; 

ELSE  IF  X-60  THEN  DO;  SUMY60-SUMY;  END; 

ELSE  IF  X-80  THEN  00;  SUMYSO-SUMY;  END; 

ELSE  IF  X-120  THEN  DO;  SUMY120-SUMY;  END; 

ELSE  IF  X-180  THEN  CO;  SUMYI80-SUHY;  END; 

ELSE  IF  X-240  THEN  00;  SUMY240-SUMY;  END; 

ELSE  IF  X-300  THEN  DO;  SUMY300-SUMY;  END; 

ELSE  IF  X"360  THEN  DO;  SUMY360-SUMY;  END; 

END; 

INTAUC*SUMY*OX; 

CALCAUC»A/ALPHA+3/S£TA-(A+B)/KA; 

Dl-A*(i<A-ALPHA)+B*(KA-8£TA): 

K21-((A*BETA*KA)>(3*ALPHA*KA)-(A-^)*ALPHA*BETA)/01; 

KEL-ALPHA*8£TA/K21: 


\  iZ  ^  ALPHA '♦‘dcTA-JCZI  "KELj 
Vl=0/(A+8)/lCC0; 

Vdbeta>Vl*K£L/B£TA; 

TBETA-LC-G(2)/BrrA; 

7HAA«1/(KA~KEL)'LC>G()CA/):EL); 

C>'^-A»(E:X?(-ALPHA*TKAX).E:<P(-)C;*TMAX))+3*{EXP(-BET'VTHAA)-cX?{-KA*TMAX)); 
DROP  _nPE  NAME  ITER  SD.MY  01; 

PRGC  PRINT"  ~~  ~~  ~ 

TITLEl'  'TASiC  39-15:  TVO-COHPARTWENT  PK  MODEL  FOR  WET,  '  U  ATROPINE 
TECHNIQUE'; 

TITLE2  'PAiLAME^ERS  FOR  ANIMAL  23; 

VAR  _SSE  — Y  INTAUC— CHAX; 

PROC  printT 
VAR  SUMYl— SUHY360; 


'  % 
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